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Cincinnati 
CUTTER GRINDING 
MACHINES 


will fit into your tool 
maintenance programme 























No. 1 | No.2 
Swing over table .. a ms 8” dia. }14” dia.* 
Length between tailstocks Sia 13” 30” 
Length between tailstock 
and workhead.. ~ 114” 244” 
Face Mills in workhead .. 6 8” dia. |18” dia.f 
Longitudinal movement of table .. 10” 16” 
Cross range a = _ 74” 8” 
Vertical movement of 
grinding wheel spindle .. i a 103” 
Nett Weight bee a .. | 950lbs. |2190]bs. 











* Using raising blocks 
t Using Face Mill Grinding attachment 
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Drilling Machines, 
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Quasi-Arc 


and 


Fusarc 


















The interests and activities of The Quasi-Arc Company 
Limited and Fusarc Limited in the well-known processes 


Quasi-Arc + Fusare + Unionmelt 
Sigma + teliane - Twin-Arc 


were combined on 1st October, 1955 in 





order to provide a thoroughly comprehensive 
and effective service to the welding industry. 

The headquarters of the new organisation—named 
Quasi-Arc Limited—are at Bilston, Staffordshire, 
with works at Bilston and Gateshead. 
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CEJ 


Inside Indicator 
Ga u ges For internal measure- 


ments from .155” (4m/m.) to 24” 
(600m/m.). They are reliable, easily 
handled, sensitive instruments having 
a scale range of +.002” graduated in 
increments of .0001”, or alternatively 
a scale range of —.020”" graduated in 
increments of .001” together with 
+.001 graduated in .0001 using a fine 
and coarse reading pointer. 

Each instrument can operate through 
a large range of diameters. Available 
in short or long patterns and can be 
set by Master Rings or Gauge Blocks 
and Accessory Holders. 


OTHER CEJ PRODUCTS 


High Speed Steel Ground Thread Taps: 
Boiler Stay Taps: Adjustable Limit 
Snap Gauges: Circular Chasers and 
Holders: Thread’ Rolling Dies: 
Thread Milling Hobs: Deltameters 
(Comparators and Automatic Size 
Controllers): Drill Chucks: Dyna- 
mometers: Extensometers: Gauge 
Blocks and Accessories Micrometers: 
Micro Snap Gauges: Mikrokators: 
Multiple Interference Microscope: 
Plain Plug Gauges: Roll Thread Snap 
Gauges: Round Dies: Screw Plug 
Gauges: Screw Ring Gauges: Shop 
Surface Finish Indicators. 


EQUIPMENT SOLD BY CEJ 
Gronkvist Drill Chucks: Metron 
Measuring Equipment: Tapping 
Attachments. 
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For every modern industrial process there is a specialised 
grade of Sea Shell Lubricant. 


leadership in lubrication 
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negligible distortion or $ 


the work. Quickly interchangeable, , 
Maximum length of work ..- ea 24” 


standardised control cams and in- 
Maximum diameter of work 14” 
ductors permit several different jobs , 
Hardening zone selection Cam 
to be run economically in successive Maximum hardening speed --- . Wy" /sec- 
batches. Maximum return stroke speed 6” /sec. 
Typical production 12” stroke) -- 300/hr. 
Illustrated are typical induction —" ( ) 
Typical operating cost 0.17d/piece- 
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It may be unlikely. They are probably not in your line 

of business at all, but their activities form a part of the industrial 
scene, and therefore affect you. 
Business men, today, are not content to know what’s going on in their 
own particular industry. They have an urge to find out what’s afoot 
in every industrial field. But the facts and figures of industry can be hard 
going and quite confusing unless you have discovered THE FINANCIAL TIMES. 
Each issue supplies a wealth of vital information—carefully summarised 
and concisely reported—together with absorbing articles and measured 
comment on countless industrial subjects. As you read, facts take shape and 
form, puzzling situations become clear. Thoughtful trade forecasts help 
you to plan ahead. 
Try reading THE FINANCIAL TIMES every day for a week—at the end of that 
time we believe you will wonder how you ever managed without it. 


Men of industry read 


THE FINANCIAL TIMES 
every day 
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High rate production and top-grade work are 
essentials at Humber Limited. ' 


That is why these Humber Hillman Brake Drums are f 
machined —three at one setting—the “PRECIMAX” 
way. ; 


The. components are hydraulically clamped against 
their back faces, located on a central spigot, and the 
floor-to-floor time per component at 80°, efficiency 
is 1°04 minutes. 
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which certifies that .Zine Alloy Diecasting or 
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the requirements 


in addition to B.S.I. control of zinc alloy™@P&<castings produced by us—all 


our production in other metals is subjected to strict quality control by 
our own Metallurgical Laboratory 





the high standards we have imposed 


cost you no more 


‘DYSON & CO., ENFIELD (1919), LTD. 
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Although the world-wide reputation 
enjoyed by the Webster and Bennett 
Boring Mill is based on inherent quality 
and fitness for purpose there are other 
aspects of service of equal importance. 

One of those which is of particular 
pleasure and satisfaction to our cus- 
tomers, and a source of pride to our- 
selves, is a punctilious observance of 
delivery dates. No effort is spared to 
meet a promised delivery and although 
unforeseen circumstances have frequently 
arisen, sufficient in themselves to justify 
a delivery extension, deliveries quoted for i 
machines have never been broken. 
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The illustration shows a Webster and 
Bennett 60” Boring and Turning Mill 
at the Bradford Works of Crofts 
(Engineers) Ltd., machining a 60” dia- 
meter vee groove pulley with a face 
width of 26” having 18 grooves 1}” wide 
by 1}” deep. 
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Production up....costs down 





And the reason? Top speed processing by an ‘ENGLISH ELEctRic’ 25 kW induction heater 
with the very minimum of distortion and rejects. Here, the operator is making a simple 
setting on the heater before it treats a Jarge batch of brake clutch plates, one of the many 
jobs it performs at this progressive factory of Messrs. Westool Ltd. 

Are there applications in your factory which could be speeded up by bringing in one of the 
range of ‘ENGLISH ELEcTRIC’ electronic heaters? A large and well-equipped applications 
section is freely available to investigate the possibilities. The fullest advice will be given on any 


test samples sent to The English Electric Company, Kidsgrove, Stoke-on-Trent, Staffordshire. 


ENGLISH ELECTRIC 


induction heaters 






THE ENGLISH ELECTRIC Company LIMITED, QUEENS House, KINGSWAY, LONDON, W.C.2 


EIH.9AHS 


Industrial Electronics Department “ P” Kidsgrove, Stoke-on-Trent, Staffordshire 
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Do you put bottles in crates? } 
| 


or assemble refrigerators? * 


| 


or furniture?* 





or make a lot of motor cars ?* 


& just afew of —Whatever your production problems are, it’s ten to 
past ¢ . one that MAXAM, pneumatic power and control 


WAXAM appl t, could help! 
MAXAM applications equipment, could help! 


MAXAM Dept., THE CLIMAX ROCK DRILL AND ENGINEERING WORKS LTD. 
4 Broad Street Place, London, E.C.2 WORKS: Carn Brea, Redruth, Cornwall. 


EQUIPMENT 











tas/cx.sa? 


When replying to advertisements please mention the Journal 











XX 


The Institution of Production Engineers Journal 


HYDRAULIC RAMS 





The ‘Fescol’ process consists of the electrolytic deposition 
of a heavy layer of nickel or chromium on the bearing 
surface, and subsequent machining to size. The process 
is applied to worn Rams, but it is recommended that it 
should be carried out before the Ram is put into service. 
The choice of a nickel or chromium deposit depends on 
individual working conditions, and we shall be glad to 
give advice and make recommendations. Executives are 
invited to write for List I.P.5 which gives details of 
the * Fescol* process, and examples of many applications 
for which it has proved beneficial. 


Resist wear and corrosion 
when ‘FESCOL’-ised 


These pictures tell the perfect before-and-after story of the 
*Fescol’ process for hydraulic rams. The photograph on the 
left shows an untreated ram which has become corded and 
pitted by wear and corrosion. In this condition it has reached 
the end of its useful life. 

But take a look at the right-hand photograph. This ram has 
been ‘Fescol’-ised and will retain its shining newness almost 
indefinitely. That is because the nickel or chromium protection 
provided by the ‘Fescol’ process withstands wear and corrosive 
attack, being an even harder, more durable surface than the 
original metal. 


FESCOL LIMITED * NORTH ROAD * LONDON ° N.7 
Scottish Works: PORT GLASGOW, Industrial Estate. 
Northern Works: HUDDERSFIELD, Leeds Road. 

Midlands Works: BROWNHILLS, STAFFS, Chase Road. 


Sole Licensees for Australasia: De Havilland Aircraft Pty. Ltd., Milperra Rd., Bankstown, N.S.W. 
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Greater rates of production drilling or tapping are 
easily achieved and maintained with the Steinel Adjustable 
Multi-Spindle Drilling and Tapping Machines. In addition to 
those shown the range includes models with up to 12, 16 or 


24 spindles. 


Full particulars gladly sent on request. Why not let us 
help you with your multi-hole drilling and tapping problems? 
Our wide experience is at your disposal. 

Adjustable Multi-Spindle and Single Spindle Drillers and 
Tappers, and the Steinel Range of Plain and Vertical Millers 
are available for inspection at our showrooms. 


Sole Agents:.- 






Ginyoly Drilled ov lapsed 


om STEINEL 
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103 LANCASTER ROAD - LADBROKE GROVE~- LONDON W.II Phone PARK 945/2 
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.. transfer... 


...clamp... 


+. roll, clean, sort, lift, turn, grasp and shelve. | 


Hymatic Automation is thus invaluable in the automatic 


and selective transfer of parts from one process to the next, 


from conveyor to conveyor; in unloading one machine and 
loading the next; or in quick clamping to hold parts during 
machining. All designs of Hymatic Automation are made 
for specific tasks but are readily adaptable to others. 

Hymatic Automation covers the whole problem—the de- 


sign of the circuit—the machine— the means of control. 





...Open... 





...pull... 


_ —-—— TEI HYMATIC EXGINEERING CO. LTD. DEPT. HA.84 * REDDITCH - 





HAAN 











ef 
...ClOSE... 


Hymatic Automation, therefore, has a place in your pro- 
' gramme of productivity improvement. 

| Perhaps in your Works, too, there are jobs where it is poss- 
ible for people to burn or cut themselves, strain or crush 
themselves, lose fingers or even a hand; or perhaps there 


are jobs for which you just cannot find people. 


In all events CONSULT 


Hymatic Automation. 
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Samley Thwart Saya”, 
THESE WANDERER | 
MILLING MACHINES 

ARE SOMETHING YOU 
CAN’T AFFORD TO IGNORE 


The quality of Wanderer milling machines is something 


of which we are particularly proud—being backed 
by unsurpassed experience in milling machine manu- 
facture. In overall design, workmanship and finish, 
they stand supreme. Their production capacity 
is but one of their main features and you will 
find the milling machine to meet your re- 
quirements in this very extensive range. 


MILLING 
MACHINES.. . 


AND LONG 
THREAD MILLING 
AND HOBBING 
MACHINES 


™ Large range suitable for 
milling or hobbing 
single or multi-start 


/ io 
treats worms ers HMMM. STANLEY HOWARD L? 
75-76, EXCHANGE BLDS. 


STEPHENSON PLACE - BIRMINGHAM 2 
Tel: Midland 6915 
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approach stroke—providing infinite 


of feed strokes without cam changing 


Space is valuable. No cams to make and 
store, slices overheads. 


Real time—set-up time. Savings which 
mean higher machine utilisation and 
therefore higher profits. 


No cams to design and make, releases 
craftsmen and tooling engineers for other 
work and relieves the cause of frequent 
production bottlenecks. 


The range of Wickman Multi- 
spindle Automatics comprises machines with 
maximum bor capacities up to 34” and 

chucking capacities up to 9”. 
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Designing for Production — 


The Motor Car 


by SIR LEONARD LORD, K.B.E. 


President of the Institution. 


HE primary aim of the motor car designer is the production of an eminently 

saleable machine at the lowest possible price, for he is engaged in a highly 

competitive industry. The designer therefore must be highly cost-conscious. 
He must economise on material and labour ; nor can he afford to neglect that 
large item of cost which figures in the accountants’ report as overhead. Above all, 
his product must give lasting satisfaction to the customers, for subsequent sales 
are made on the goodwill engendered by earlier experiences of car owners and 
their friends. 

The automobile industry covers a wide range of vehicles which are made under 
quite different conditions. The methods that apply to the production of private 
cars that are made in very large quantities are not applicable to the production 
of heavy commercial vehicles or of “sports specials”. ‘These latter will be made, 
at least in part, under batch production methods ; whereas the cars which are 
required in great volume will be mass-produced. On the other hand, the “bought-in” 
finished components such as electrical equipment, instruments, bearings, tyres, etc, 
will almost certainly be mass-produced. It will, therefore, be appreciated that the 
designer of the smaller quantity production will not be subject to such a rigorous 
discipline as the designer of the mass-produced vehicles. Having made this point, 
let us now look at the conditions obtaining in the high volume field, where flow-line 
methods are in vogue and where automatic-transfer equipment is used. 

A modern motor car can be divided into certain definite components such as 
engine, gearbox, driven axle, steering, body and so forth. Hence it is usual for 
each of these units to have a separate designer who is a specialist in his particular 
sphere, the whole of the design being controlled and co-ordinated by a Technical 
Director or Chief Engineer, who acts on a programme laid down by the Board 
of Directors. 


Changes in Fashion 

The motor car is liable to changes in fashion which are not always dictated by 
technical considerations. Therefore, judgment has to be exercised as to the length 
of time that the model will remain in favour. This is especially important since the 
amortisation of fixtures, jigs and tools is an extremely costly item in the budget. 

So much for the general picture — now let us turn our attention to matters 
of more detail, starting with materials. Every ounce of material that has to be 
removed by machining has to be paid for twice, once on the supplier’s account and 
once in the machine shop in wages, power, tool wear and overhead. So in addition 
to making the component as light as is consistent with good engineering practice, 
it is essential to ensure that the machining allowances are as small as possible. 
Hence the designer is constantly looking for processes that will give a closer 
approximation to the finished size of the piece, for example, die castings and 
extrusions. A result of this will be the setting of limits for “ rough material ” that 


711 








normally would escape from such rigorous scrutiny. In setting such limits, care 
must be taken to see that the saving in the machine shop is not outweighed by the 
cost in forge and foundry. The wise designer will always consult the supplier of 
material on the shape to be adopted while the design is still fluid, because 
comparatively small alterations or modifications, which will not affect the functioning 
of the component, can be made to obviate the possibility of scrap at the suppliers’ 
works — as well as in the works of the end producer. Remember that all scrap 
has to be paid for —no one can contract out of that obligation. 


The designer must be very much alive to the value of British Standards 
Specifications, and should always consult them. There is no reason why a 
departure from the BS Specification should not be made if it is necessary, but if 
proper consideration is given to the Specification, the departure will be made for 
something that is better and not merely by oversight. On the other hand, if a 
Standard Specification is adopted, it is probable that the part will be less expensive 
than-a special piece, even though the special is made in large quantities, for it is 
seldom that any component is made in such large quantities that more will not 
reduce the cost of manufacture. 


Teamwork is Essential 


Design for mass production is essentially a team job, for there are so many 
activities to be taken into consideration. In addition to the designers, the 
following are all interested in design: the Planning and Plant Engineers ; the Jig 
and Tool Design Office ; the Buying Department ; the Estimating Department ; 
and the Cost Accountants. Each of these come into the picture and the best 
method of ensuring that they have an opportunity to express their views is to 
arrange for frequent meetings for discussion, at which notes should be taken for 
guidance and record. These discussions would cover choice of material, the planning 
and routing through the shops, the layout and the machinery to be used, the 
fixtures, jigs, tools and gauges and the purchase policy. The estimated times 
eventually become the basis for standard costs. 


Notwithstanding the discussions, which ensure that each Department is aware 
of the work as it progresses on the drawing board, the designer should be in full 
control of the ultimate design ; his word, subject to satisfying the Technical 
Manager, must be final, because he is the one man able to see the job as a whole. 
The designer should preferably follow the work through all stages until the 
prototypes are approved and thenceforth no alteration should be made without his 
knowledge and approval. During the assembly and the testing of the units, the 
designer should be available to check that his intentions have been carried out 
and that all the limits and tolerances are correctly stated. Any adjustments made 
should be carefully noted and transferred to the drawings and the gauges should 
be modified to correspond. The testing of prototypes must, for mass-production, 


be very thorough and the designer must be kept fully informed of the progress 
during the testing period. 


The more automatic the plant employed, or the more perfect the flow-line, the 
greater the necessity for the closest co-operation between all Departments concerned 
with the design, especially in the earlier stages. 


The designer must also pay attention to post-sales service. Ease of servicing 
is one of the great factors in securing those very essential repeat orders, hence 
accessibility of those parts that are liable to need service is most important. Unit 
construction which enables complete units of mechanism to be replaced promptly 
when trouble occurs, are invaluable in this connection. 


The Style Angle 


Product design must be studied also from the style angle. Style is not a thing 
that can be added—not in motor cars—it must be inbuilt. The industrial 
designer, the man whom John Gloag calls the “ missing technician”, must be part 
of the design team. He must be more than a commercial artist. He must know 
materials and processes intimately. He should know how sheet metal will flow in 
the press, he should know the advantages and disabilities of plastics, of die castings, 
of extrusions, of leather and leather cloth and other fabrics and of any other of the 
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existing materials and of any new materials which may become available. Much 
depends on sound judgment in regard to public taste. A company that can 
produce a style that will out-last its estimated life is a prosperous concern, but one 
that has to abandon a model within the period allowed for the amortisation of 
the requisite plant layout and tooling faces extremely heavy losses. 


Now for some specific advice on this matter which will apply, not only to 
motor cars, but to all mass-produced articles :- 


1, make sure that the design will remain in favour for a considerable period ; 


2. the cost of material is one of the largest factors in the total cost of the 
article, so make sure that the design of each part makes the most use of 
the material ; 


3. look over the detail designs many times to ensure that the utmost simplicity, 
consistent with a sound job, has been achieved; 


4. provide proper locating points for the work-piece and if two slightly 
different pieces are being used for a similar function, make sure that they 
are distinctive and recognisable and, if necessary, provide a “ stop piece ” so 
that they cannot go through the wrong machining process ; 


5. always consult the producers when in doubt as to the best form of the 
part — this is particularly important in regard to castings ; 


6. don’t strive for impossible accuracy in raw material — the foundry and forge 
cannot work to near machine shop limits ; 


7. don’t design pieces that are so fragile that they will break during transit on 
trucks or on conveyors. If this cannot be avoided, call attention to the 
special nature of the component so that proper carriers will be available ; 


8. bear in mind the approach of the tools to the work-piece and endeavour 
to utilise simple one-pass tool movements wherever possible. The fact that 
modern machine tools can be made to perform almost any operation 
doesn’t absolve the designer from using the simplest means for achieving 
the objective ; 


9. avoid blind holes where this is possible — especially those that have to be 
tapped ; 

10. consider the end product from every aspect with a critical eye. Ask if one 
part of it can be combined with another part to advantage, if it can be 
simplified or, better still, if it can be omitted altogether ; 


11. again through the proper channels, insist that no alteration or modification 
of ANY KIND shall be made without the consent of the designer. 


The Key to Successful Automation 


Product design is the key to successful automation. The product designer or 
stylist — in particular — will be extended to the utmost in holding the balance 
between pleasing customers and providing the planning and process engineers 
with components that are best suited for flow-line or automatic production. As a 
final word, it may be said that a designer who is able to achieve this objective 
can be justifiably proud of his work. 
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GAS TURBINES— 





BASIC PRINCIPLES & PRODUCTION PROBLEMS 


by GC. E. WURR. 


Presented to the Manchester Section of the Institution, 24th January, 1955. 


Mr. Wurr, who comes from Hull, was educated at Kingston-on-Thames 
Junior Technical School, Surrey, and Twickenham and Acton Technical 
Colleges, followed by three years at the Birmingham College of Technology, 
studying industrial administration. He holds the Higher National Certificate 
in Production Engineering, with endorsements. While taking H.N.C., he taught 
metrology at Twickenham Technical College. 


Mr. Wurr served his apprenticeship with General Aircraft, Ltd., Feltham, 
Middlesex, from 1945/1949, as a fitter machinist, but finishing his time as a 
planning engineer. Subsequently he was offered and accepted the position he 
now holds, as Technical Assistant to the Aero Development Works Manager 
of Armstrong Siddeley Motors, where he is solely concerned with the 


manufacture of experimental gas turbines. 


HE Author is solely concerned with the 

manufacturing for development of aircraft gas 
turbines and the Paper has been based on this experi- 
ence. It is not considered that he is qualified to 
dwell on the principles of gas turbines, but since he 
has been requested to do so, whatever basic principles 
are offered are of a non-mathematical and elemen- 
tary nature, 

Considerable thought has been given to the question 
of which production problems could be most suitably 
considered within this Paper, and on reflection it was 
felt that general shop problems of machinability, 
feeds and speeds, types of plant and processes are 
amply covered by the technical press. 

The aspects which might well be considered are 
the problems of the experimental organisation which 
must iron out manufacturing problems and difficulties 
before quantity production can commence. Thus, 
the production problems to be considered are those 
associated with the development of aero gas turbine 
engines. 
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Gas Turbine — Basic Principles 
General & Historic 


The principle of propulsion by reaction to a gas 
stream is not new, for a Roman by the name of Hero 
(130 B.c.) is generally accredited with the first gas 
reaction device. Hot water was forced into the centre 
of a catherine wheel of several feet diameter and led 
along tubes to the periphery and ejected tangentially, 
thus causing the device to rotate. 


In the 16th and 17th century, kitchen spits were 
mechanised by a gas turbine. The hot gases from 
the fire caused a fan, mounted in the chimney flue, 
to rotate, the rotation being transmitted to the spit by 
means of a drive shaft. 


Today there are many types of gas turbine engines 
and it would be as well to ensure that these types are 
not confused, and that the terminology used is under- 
stood. For the purposes of this Paper it should be 
appreciated that consideration will only be made of 
axial flow compressor type of engines. 

















Fig. 1. External view of A.S.M. Viper short life expendable 
turbo-jet engine. 


Turbo-Jets 

Firstly, consider the turbo-jet (Fig. 1) the only 
apparent difference between this and a turbo-prop 
being the absence of the propeller and the reduction 
gear, the remaining units being similar in shape. The 
photographs in Figs. 2-7 of various units of a short 
life expendable type of axial flow turbo-jet, help 
illustrate the terminology used. 

The turbo-jet’s cycle of operation can easily be 
likened to a 4-stroke piston engine as follows : 


No. 1 Stroke induction — Comparable with air intake 
section. 

No. 2 Stroke compression — Comparable with com- 
pressor section. 

No. 3 Stroke combustion— Comparable with com- 
bustion section. 

No. 4 Stroke exhaust — Comparable with turbine / 
exhaust section. 


Turbo-jet variants include the twin spool and by- 
pass axial flow engines. A twin spool engine com- 
prises a low and high pressure compressor, each of 
which is independently driven by low and high pres- 
sure turbines. The advantage claimed for such an 
engine is that it will accelerate from idling to maxi- 
mum revs in 2 to 3 seconds, as compared with 10 
seconds for the conventional arrangement. 

A by-pass engine taps off some medium pressure 
air, and by-passes it into the exhaust stream, with the 
effect of increasing the mass flow of the exhaust gases, 
even though they are slightly cooled in the process, 
the advantage claimed for such an engine being a 
much reduced rate of fuel consumption per pound of 
thrust obtained. 


Turbo-Props 

Secondly, consider the turbo-propeller engine. 
Some companies prefer a rigid drive to the reduction 
gear through the compressor, whereas others believe 
that in order to free the reduction gear from com- 
pressor vibration, the drives to the two units should 
be independent of one another. To achieve this, the 
compressor is driven by the forward or high pressure 
stages of the turbine, and the reduction gear by the 
low pressure stages. 

One of the disadvantages of the gas turbine engine 
is that it is fundamentally incapable of efficient run- 
ning at a low percentage of the total power. For 
this reason it is difficult to design a gas turbine engine 
for anti-submarine warfare which is both capable of 
high power for take-off conditions and low power for 
cruising. ‘To overcome this problem, the idea was 
formed of combining two small engines into a single 
power unit, driving separate co-axial propellers in 
such a way that both units can be used for take off 
and only one for cruising. This means that under 
cruise conditions the single unit may operate at a 
comparatively high proportion of its own power, 
with reasonably high efficiency. Such an arrange- 
ment demands a common reduction gear casing but 
independent gear trains (Fig. 8). 


Gas Turbine Theory 

It must be clearly understood that a turbo-jet has 
a distinct field of operation. It has not completely 
ousted the piston engine, which can still be operated 
more efficiently than a gas turbine at low speeds and 
at low altitude. The turbo-jet is most efficient at 
high speeds and at high altitude, whilst the turbo-prop 
is something of a compromise. To appreciate the 
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Fig. 2. Compressor stator assembly. 








Fig. 4. Combustion chamber outer casing burner plate 
and secondary air tube 


Fig. 3. Compressor rotor assembly. 





Fig. 6. Turbine stator assembly showing several blocks 
slid out of position. 


Fig. 5. Outer and inner ' 
flame tubes. 
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Fig. 7. Section of turbine rotor assembly. 


reason why, it is necessary to compare them one to 
another :- 

Firstly, consider the advantages of the turbo-pro- 
peller over the piston engine; the claims are not 
sweeping but frontal area, weight and vibration can 
be appreciably reduced. A further advantage is that 
for naval applications a turbo-prop can burn the same 
fuel oil which the carrier utilises, thus eliminating the 
need for highly inflammable fuels, and consequently 
reducing the fire risk aboard ship. 

Secondly, consider the disadvantages of a propeller 
application. At speeds over 370 m.p.h. the efficiency 
of the propellor rapidly decreases, since it both loses 
its characteristics and begins to suffer from shock 
waves at the tips. 

At altitudes, since the propeller is endeavouring to 
accelerate a large mass of air to a relatively low velo- 
city by purely mechanical means, the rarification of 
the atmosphere results in a rapid decrease of the 
propulsive efficiency of the propeller. 

Thirdly, to appreciate the advantages and dis- 
advantages of the turbo-jet it is necessary to consider 
some aspects of elementary gas turbine theory. 

Basically, the turbo-jet application differs from 
the propeller application inasmuch as it accelerates 
a small mass of air to a high velocity by means of heat 
energy, as against the mechanical means of a pro- 
peller, propulsion being obtained by reaction to the 
mass flow of the gas stream being projected rear- 
wards, i.e., thrust. 


What is Thrust ? 
Thrust is a function of the: 
compressor delivery (mass flow); 
the change of velocity of the gas stream from 
intake to exhaust; and 
the ram effect due to forward speed. 

The last two factors do in practice compensate 
one another; the greater the forward speed, the lower 
the change of gas velocity, but the greater the ram 
effect. Thus thrust may be said to be constant at ail 
velocities. 

To increase compressor mass flow it is necessary to 
increase the size of the compressor or speed up revs of 
the rotor. To increase the velocity of the gas stream, 
its temperature must be increased. 


For the benefit of those who may be interested to 
convert thrust into thrust horse power, the formula is 
as follows : 

thrust X aircraft speed (m.p.h.) 


375. 
Thus, an engine of say 8,000 lb. thrust in an air- 
craft travelling at sonic velocity develops some 17,000 


h.p. 





Effect of Altitude 
It has already been stated that a turbo-jet is more 
efficient at altitude, the explanation being that: 

(i) with increased altitude, drag and propulsive 
effort decrease ; 

(ii) air temperature decreases, compressor effici- 
ency increases, less mechanical work being 
required to obtain specific compressor output; 

(iii) reduced air density reduces compressor out- 
put, but conversely, due to the lowered 
temperature and reduced turbine back pres- 
sure, the increased expansion rate through the 
turbine increases its efficiency; 

(iv) experience has shown that due to the above 
factors the propulsive efficiency increases with 
altitude. 


Thermodynamic Principles 

Having considered mechanical differences and the 
factors which influence choice of power plants, it is 
logical to consider some aspects of the thermodynamic 
differences between the two types of gas turbine. 

What should be brought out is the fact that, with 
the turbo-jet, the energy of the gas stream is reduced 
through the turbine only by the amount of heat 
energy which is required to drive the compressor. 
For example, the turbine of a turbo-jet engine 
developing 8,000 h.p. thrust may extract from the gas 
stream 25,000 h.p. which is required to drive the 
compressor, the remaining energy being exhausted to 
atmosphere. 


STARBOARD 
ENGINE SHAFT. 







ACCESSORY 
GEARBOX DRIVE. 


PORT 
ENGINE SHAFT. 


Fig. 8. 
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Conversely, with the prop-jet, it is essential that as 
much power as possible is transmitted from the 
turbine to the propeller. This is achieved by blade 
design so as to achieve the maximum pressure drop 
across each stage, for example, the turbine of a type 
of turbo-prop engine extracts 10,000 h.p. from the 
gas stream, of which the compressor requires 
6,000 h.p. leaving some 4,000 h.p. for the prop to 
absorb. 

It is not desirable to extract all the kinetic energy 
from the gas stream for the same reasons as it 1s 
never possible to utilise all the waste heat from a 
boiler installation, and also because at high altitude it 
is desirable to utilise the increasing efficiency of the 
available thrust from the exhaust stream to counter- 
effect the inefficiency of the prop, for example in 
this case, 1,180 lb, thrust is available in addition to 
propellor power in the case of the last example. 


Facts and Figures 

To conclude the information relating to gas turbine 
theory a few facts and figures may be of interest. 
The figures apply to the Avon, Sapphire, and 
Olympus class of engine. 

As previously mentioned, at sonic velocity the 
engine may develop 17,000 h.p. whilst a Royal Scot 
Locomotive pulling a fully loaded train of 14 coaches 
develops on an incline of 1 in 150 some 2,500 h.p. 
Fuel consumption may be over 800 galls./hr. Air 
consumption is approximately 200 tons per hour. 
Rotor peripheral speed is in the region of 900 m.p.h., 
which imposes centrifugal loading on each blade of 
approximately 2 tons. 


The Development and Research Organisation 

The complexity and variety of the problems 
encountered demands a variety of specialised func- 
tions in order that the intensive research which is 
necessary May continue as rapidly and as efficiently 
as possible. 

It is essential to appreciate that, throughout the 
whole of the development organisation, speed of 
production is the underlying theme. Everything is 
required yesterday, for if it was not so the company 
might well close down, since not only are they in 
competition with other companies, but with the rest 
of the world. 

For the purpose of this Paper it is intended to 
describe the functions of the specialist in watertight 
compartments. It is not the Author’s intention to 
give the impression that this is applicable in practice: 
the one is dependent upon the other, and a continual 
interchange of ideas, knowledge, and assistance takes 
place. 


The Specialists 
To name but a few of the specialised functions, 
there are the 
Aerodynamicist 
Designer 
Stressman 
Mechanical Engineer 
Vibration Engineer 


1. 
2. 
3. 
4. 
S. 
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6. Combustion Engineer 
7. Metallurgist 
8. Chemist 

9. Planner and Estimator. 


This body of personnel is responsible for the engine 
up to the time it is assembled and ready for test. 
VThereafter the group is enlarged by the technicians 
responsible for 


10. Bench Development 
11. Flight Development. 


The Function of the Specialist 


In the gas turbine world there is relatively little 
background information available, as compared with, 
say, the motor industry and, therefore, mathematical 
analysis cannot be fully accepted as a reliable method 
of predicting the behaviour of a component under 
running conditions. 

It is essential that background be provided for 
each component as rapidly as possible. In a great 
number of instances it is neither desirable nor speedy 
enough to gain this information by live engine 
running and, therefore, for this reason considerable 
amounts of time and money have been spent in pro- 
viding rigs, and other equipment, by which it is 
possible to study in detail the behaviour of the com- 
ponent, under simulated engine conditions. 


Problems of the Specialists 
Aerodynamicist 


Strictly speaking, the gas turbine aerodynamicist’s 
responsibility lies wherever there is gas flow. Not 
only is he interested in compressor and turbine de- 
sign, but in the shapes of intakes and of combustion 
chambers, etc. It is his responsibility to supply the 
Drawing Office with the basic information which is 
required for ideal theoretical designs. 

The ever-constant drive for greater efficiency of 
compressor and turbine performance makes it 
necessary for the aerodynamicist continually to be 
determining what is actually happening to the air 
flow within actual engine compressors and turbines. 

Basic compressors have been provided in which it 
is possible to study the behaviour of a blade through- 
out the whole of its length, but detailed exploration 
takes a long time and of necessity only a limited 
number of stages can be fitted to rigs operating under 
atmospheric conditions. One must remember that a 
3-stage compressor of the type shown in Fig. 9 is 
capable of absorbing 750 h.p. The basic compressor 
is designed for rapid alteration; the setting of the 
blades in any stage being adjustable independently 
of the remainder of the compressor. (Fig. 10). 

One may readily appreciate the difficulty which 
had to be faced when the investigation of the large 
diameter compressor of some 12 to 14 stages, which 
could absorb some 25,000 h.p., had to be undertaken 
and which even if an altitude of 30,000 ft. was 
simulated would still require 10,000 h.p. to conduct 
the experiments. To provide information which was 
not available by means other than live engine 








Fig. 9. Aerodynamic 
compressor test rig. 


running, a few companies in the States and in the 
U.K. commenced the erection of 10,000 h.p. plus 
Compressor and Turbine Test Houses (Fig. 11). A 
few facts may be quoted from the rig built by A.S.M. 
to indicate the size of the project. 

The complete engine room of a destroyer was 
fitted en bloc with steam turbines and marine gear- 
boxes, together with a high altitude chamber, turbine 
test rig and dynamometer (Fig. 12), camera rooms 
(Fig. 13), and Control Rooms. 

In the earlier days, turbine efficiency was not 
appreciated, but when it was realised that a 1° 
increase in turbine efficiency resulted in a 3°/ in- 
crease in engine performance, it was not possible to 
carry out testing on a large scale, due to the lack 
of suitable rigs. The majority of testing had to be 
carried out on a live engine, which is a slow and 
unsatisfactory method. The larger turbine test rig 
requires copious amounts of air to drive the turbine 
and the means of absorbing the power developed. 
Here again the equipment was provided by the 
10,000 h.p. rig which in principle functions as 
follows: (See Fig. 11). 

The drive from the steam turbine is taken to a 
specially designed gearbox which steps up the revs 
from the marine gearboxes, This drive passes into 
the high altitude chamber, where either a slave com- 
pressor is used to drive the turbine rig, or a special 
compressor to be investigated can be fitted. For 
compressor investigation, air is metered directly 





from the filtration unit on the roof to the altitude 
chamber, throttling devices being utilised to reduce 
air pressure to similate altitude. 

To use the turbine rig, air is sucked by a slave 
compressor from the filtration unit through the tur- 
bine into the altitude cell and exhausted to atmos- 
phere. Since the turbine runs cold the power 
developed is not as great as when hot, but the 
dynamometer must be capable of absorbing 4,000 
h.p. 

Further equipment of which the aerodynamicist 
has need is the supersonic wind tunnel, which is 





Fig. 10. Three-stage aerodynamic test rig compressor. 
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Compressor and turbine test house. 
Turbine test rig and dynamometer. 
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Fig. 13. Automatic 
camera rooms. 


utilised to determine the optimum shapes for intakes 
and nose fairings, etc. 


The Designer 

The designer is responsible for the interpretation 
of the ideal requirements of the aerodynamicist into 
practical drawings which satisfy the requirements of 
the Stress Office and wherever possible those of the 
manufacturing departments. 

Upwards of 250 draughtsmen may be continuously 








pl 


Hi 


it 


employed in the large scale experimental organisa- 
tion of today, the office being divided into sections 
which specialise on specific parts of the engine, e.g. 

Compressor and C/T Sections. 

Combustion Chambers, Turbine & Exhaust Units. 

Air Intakes & Accessories (Oil Pump, etc.). 

Fuel Systems. 

Piping. 

Installation Components E.C.U, Parts. 

Although it may seem that the function of designer 


Fig. 14. Statice rig for 

structurally testing the 

shell of a complete 
engine. 
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Fig. 15. Horizontal spinning rig. 


has been rather summarily dismissed, one must not 
overlook the fact that he is the nerve centre of the 
experimental organisation, all other departments 
acting as service departments to it. 


The Stressman 

One may appreciate that the job of the stressman 
is to ensure that the designed structure is strong 
enough to withstand the operational conditions 
imposed upon the engine. But it may be of interest 
to appreciate that the gas turbine industry has its 
static rigs, for structurally testing the shell of a com- 
plete engine to ensure that it will withstand the 
severe loads placed upon it during combat aerobatics. 
(Fig. 14). 


The Mechanical Engineer 
The greater portion of all component testing is the 
responsibility of the mechanical engineer and to 
mention only a few of his jobs, there are :- 
the endurance testing of bearings under load 
and temperatures; 
functionability testing of fire systems; 
the investigation of the growth of compressor and 
turbine discs at high rotational speed up to 
29,000 r.p.m. ; 
flame testing of fuel oil and air pipes; 
structural testing; 
vibration testing, etc. 
High speed spinning tests are of special interest. 
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In the early days it was considered desirable to prove 
the validity of the stressing figures and, to do this, a 
horizontal spinning rig (Fig. 15) was built, capable 
of speeds of 18,000 r.p.m. under ordinary atmospheric 
conditions. The example chosen normally operated 
at 14,500 r.p.m. and the experiment was highly 
successful, but the element of risk which existed from 
a bursting component, coupled with the difficulty of 
attaining higher speeds under atmospheric conditions, 
precipitated the construction of a vacuum pit in 
which large masses could be spun at very high speeds 
(29,000 r.p.m.) which enabled testing to be carried 
out to destruction, without endangering the lives of 
all and sundry. Today the horizontal rig is used for 
tests up to 1°% proof stress. Both rigs permit con- 
tinuous examination of disc growth and stress, whilst 
spinning occurs. 


The Vibration Engineer 

Vibration may occur due to one of several causes, 
combustion vibration, out-of-balance rotating masses, 
or blade vibration. 

Combustion vibration will not be considered due 
to its complex nature, and dynamic vibration may be 
considered to be curable in the Erection Shop, where 
rotating components are dynamically balanced. 

Blade vibration is a problem which is of extreme 
importance and which is under constant laboratory 
scrutiny. Every new blade design must be tested to 
determine the frequencies at which it will vibrate. 
This frequency must be outside the operating range 
of the engine in order to avoid very rapid fatigue 
failures of blades, caused through resonance. The 
work carried out by the Laboratory, and the exten- 
sive bench and flight testing which is completed be- 
fore an engine goes into service, ensures that blade 
failure will not occur unless something quite large 
is introduced into the compressor. 


The Combustion Engineer 

A combustion chamber must be capable of burning 
large quantities of fuel together with extensive 
volumes of air, raised to several times atmospheric 
pressure, travelling at high speed. This has to be 
accomplished in the minimum of space and, there- 
fore, entails high combustion intensities. 

Carbon deposition is not permissible, and the flame 
temperature must be largely uniform at the nozzle 
entry to the turbine. 

To add to the problem to establish stable com- 
bustion the gas in the primary zone must be slower 
than the flame speed, a few feet per second. This 
means that an area of low velocity air must be 
established immediately after the compressor exit 
which is delivering air at velocities of between 150 
and 350 ft./sec. Secondary air is then added to 
bring the mixture ratio up to correct theoretical 
value, tertiary air being admitted after the com- 
bustion zone to complete combustion and to cool the 
gases before the turbine entry. 

To avoid excessive heating of combustion chamber 
walls, a film of air is made to adhere to the walls 
of the chamber. 
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Work on combustion problems formed part of the 
earliest experiments which were carried out on gas 
turbine engines. The original work was exploratory 
by nature and was done with the crudest equipment, 
the results being often startling and spectacular, and 
led to the rumour that A.S.M. were manufacturing 
flame throwers ! 

As with other components, experience was very 
slowly gained until in 1945 rigs were laid down 
which permitted the testing of a single ‘can’ type 
chamber under the same conditions of temperature 
and pressure encountered on an engine. Such a 
chamber required air supply from three air com- 
pressors, each delivering 2 lb. of air/sec., power 
input being 1,150 b.h.p. 

To test similarly an annular chamber would re- 
quire 16,000 h.p., but since this is a prohibitive figure 
the technician is obliged to simulate high altitude 
conditions, which forces him to solve one of the most 
difficult problems at a very early stage, namely, that 
of relighting. 

Such rigs enable 360° plotting to be carried out 
at any stage of the annular chamber. Complete 
visual observation is possible and consequently photo- 
graphic recording is very simple. 


The Metallurgist 


It may be said that the metallurgist largely fights 
a rearguard action. It is he who determines the 
reasons for the failures which inevitably occur during 
the development period, and who must recommend 
action to prevent a recurrence of the failure. 

Failures may be due to poor design raising stress 
concentrations, faulty material or manufacture. To 
choose the correct material for a new project where 
all the operating factors may not be known is not 
easy. The metallurgist’s intimate knowledge of the 
constituents of all materials, their applications and 
limitations, and their reaction to casting, forging and 
welding, etc., makes him the most reliable guide as 
to which materials should be used in a new project. 
If no suitable material exists, an approach may be 
made to a material manufacturer for the production 
of a new material which will satisfy the anticipated 
operating conditions. Conversely, the material 
manufacturer may inform the metallurgist of a new 
material of certain constituents capable of with- 
standing certain physical conditions. It then be- 
comes the metallurgist’s responsibility to acquaint 
the designer with the new material, and to recom- 
mend that it be applied for certain components, 
which would be manufactured and tested under live 
engine conditions. 

Due to the problems which are peculiar to the 
gas turbine world, vital information relating to fat- 
igue failures of materials through vibration coupled 
with rapid changes of heat intensity, is not available, 
and therefore equipment must be made available to 
the metallurgist to undertake such studies. It is 
probable that the gas turbine industry was amongst 
the first to recognise the significance of fatigue 
failure. 


The Chemist 


Aiding the work of the metallurgist is the chemist, 
who undertakes all the routine control testing of the 
company’s material specifications, which are more 
closely defined than say, DTD specifications, etc. 

Similarly, the control testing of oils before and 
after testing is carried out together with that of re- 
claimed oils. 

So much then for that part of the organisation, 
which can be considered as responsible for design 
and component test. Now let us consider some of the 
problems of component and engine supply, from 
the viewpoint of the manufacturing division. 


The Planning & Estimating Staff 


Firstly, one must remember that in the large scale 
experimental manufacturing division, where speed 
of component delivery is of paramount importance, 
only high-class general purpose machine tools and 
toolroom class labour are employed, to eliminate the 
delay caused by complete planning and tooling. 

Secondly, one must always remember that speed 
of production is of greater importance than cost, 
but by this it is not meant that inefficient production, 
or excessive cost, is tolerated. 

Considering this background one may see that, 
although throughout the gas turbine industry there 
is wide variance in the ameunt of planning and tool- 
ing which is undertaken, only a minimum amount of 
planning is done, for it is imperative that any com- 
ponent should commence to be manufactured 
immediately after it is released by the designer. Thus 
at A.S.M. only very complex components, such as 
blades where complete planning and tooling is 
essential, and fabricated structures where weld 
sequences are of importance, are planned. The re- 
maining components, possibly 70°/ in value, pass 
through the manufacturing division under the 
guidance of foreman and operator, without the high 
scrap rate which might be expected with one-off 
jobs, which are not planned. Scrap rate seldom 
exceeds 4°/, and is often below 2°. 

Estimating is not carried out for the purposes oi 
piecework, but to give the manufacturing control an 
indication of the shop loading, and as a measure of 
shop efficiency. It also ensures that the Treasury, 
through its contract cost investigators, can be assured 
that the development division is efficiently spending 
public money. 

The actual problems associated with producing 
components will not be discussed at this stage. The 
following considers these problems at length and. 
therefore, in the sequence of events it is presupposed 
that an engine has been built and is ready for test. 


The Development Engineer 


The development engineer is responsible for the 
determination of the build standard of each engine. 
This means that he must act in liaison with the 
manufacturing division to determine the completion 
date of new components, and to call for them in a 
build schedule which is issued to the Erection Shop. 
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He is responsible for the compilation of the test 
schedule, and for ensuring that the engine is in fact 
tested under the stipulated conditions, so many 
hours at so many revs./min. at such a jet pipe 
temperature, giving such a thrust. Certain test 
schedules are laid down by the Ministry of Supply, 
and must be rigidly adhered to, for example :- 

2-hr. acceptance tests ; 

25-hr. Flight Category Clearance Test; 

150-hr. Declared Service Type Test; 

Performance Curves. 

The development engineer is responsible for the 
analysis of test results and for the determination, in 
view of test results and ‘off test’ mechanical con- 
dition, of the suitability of the scheme to be 
incorporated into service engines. 


The Flight Development Engineer 

Immediately a development engine has passed a 
25-hr. category test, the engine type may be fitted to 
an aircraft which is usually a flying test bed. That 
means it is powered independently of the engine it is 
testing. The flight development engineer acts in a 
similar capacity to the bench development engineer 
with regard to testing and assessing engine 
performance. 

There are other functions which could be com- 
mented upon, but the foregoing should have given 
a sufficiently clear idea of the complexity of the gas 
turbine production problems and the highly special- 
ised equipment which has to be provided to ensure 
the rapid development of an engine. It is sufficient 
to state in conclusion that for every square foot of 
manufacturing space there is an equivalent sq./ft. 
of space for design and test. The manufacturing 
area of the large scale gas turbine development 
division may exceed 165,000 sq. /ft. — approximately 
4 acres. 


Problems Associated with the Manufacturing 
Departments of the Gas Turbine Division 
Having considered the problems of the develop- 

ment organisation, the next stage is to review the 

problems encountered in the manufacturing depart- 
ments. Again it is necessary to emphasise the 
underlying factor of speed; everything, or nearly 
everything, is required immediately or even sooner. 


Development Controller 

Obviously, unless manufacturing capacity is equal 
to the amount of work released to the shops, some 
components must be delayed by lack of machine 
capacity and this is the continual state of affairs in 
the experimental organisation. It is doubtful if 
there is ever less than three times as much work 
released from the Drawing Office than manufacturing 
capacity is available. Sub-contract capacity is utilised 
wherever possible, but there are not many small 
contractors who welcome one-off jobs, nor in many 
cases is it desirable in view of the urgency that such 
jobs should be placed out of the control of the 
manufacturing division. 
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Fig. 16. Group of turbine stator blade waxes assembled 
to riser prior to investment for lost wax casting process. 


Such then is the dilemma of a Controller. He must 
sub-contract were possible, yet must not endanger 
the supply of components required for engine build 
by so doing. He must differentiate carefully between 
components of extreme urgency and those which 
are only urgent and must at all times ensure that 
components are available to meet the demands of the 
development engineer and the mechanical engineer, 
etc. In short, a continual struggle is taking place to 
obtain a quart from a pint pot and as a result it 
is not always possible to provide everything as rapidly 
as might be desired. Consequently, the gas turbine 
manufacturing division is continually trying new 
ideas, processes and equipment to enlarge the pint 
pot. 


Manufacturing Processes 
Lost Wax Casting 

Every experimental organisation tries to be as 
independent as possible with regard to material 
supplies and many possess ferrous and non-ferrous 
sand casting shops. All, it is believed, utilise one or 
other of the varieties of lost wax process to produce, 
within six weeks from design release, stator blades for 
axial compressors and turbines, of such quality that 
it is only necessary to machine the root fixing and to 
polish lightly the aerofoil section by hand or by 
aqua-blast and vapour blast methods. 

The process was known to the Chinese some 4,000 
years B.C. and is relatively well known in many 
branches of industry today. It is used wherever a 
component is required which is of complex shape and 
which does not permit the use of split mould 
techniques. 

The technique for producing stator blades is as 
follows :- 
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Tin-bismuth dies can be produced within two to 
three weeks, dependent upon the complexity of the 
blade form, the dies being split along the leading 
and trailing edges of the aerofoil. Either horizontal 
or vertical wax injection machines can be used for 
the mounting of the dies, through which the wax 1s 
injected and cooled to provide a wax pattern of the 
required blade. 

The waxes are mounted on risers which are 
attached to a mould baseplate, the number of waxes 
per riser being determined by the size of the blade 
(Fig. 16), between 12 and 50 blades being mounted 
per riser for 12-lb. cast. The wax assembly is 
sprayed with a very fine refractory to ensure a super- 
fine finish to the mould to support the first refractory 
coat, and a further coat, this time of coarser grade, 
is introduced to the assembly by a process of dipping. 
The wax assembly is next invested in a refractory 
material (sillimanite) mixed in the form of a slurry 
with methylated spirit and a hydrolising agent. 

To ensure consistency in packing of the mould 
materials, the invested assembly is subjected to a 
period of vibration, after which the free methylated 
spirit is drained off and the mould dried over a 
two-day period at a temperature below the melting 
point of the wax. Following the drying period, when 
the majority of the spirit has been driven off, the wax 
can be melted out and the mould fired up to a 
temperature of 1,000°C. ready for casting. Fig. 17 
shows a cast assembly extracted from the mould and 
some examples of finished blades after the risers 
have been cut off. 

The process can be used to advantage for materials 
which are difficult to machine, and for materials 
where the casting temperature is too great for die 
casting to be applied economically. A further aspect 
which might well be remembered is that of the 
conservation of material. 


Shaw Process Casting 

It would be no exaggeration to state that thousands 
of small components which could have been cast were 
machined from bar, because the delay which was 
experienced when obtaining steel castings could not 
be tolerated. The extra cost occasioned by machining 
from bar was more than offset by the time saved, but 
with the introduction of the Shaw process, the situa- 
tion changed almost overnight. A very urgent casting 
can be produced within three days and machining 
time cut to one-tenth or less of the time from solid. 
The quality and accuracy of the casting being far 
superior to any sand casting, it is possible to 
obtain accuracies of + .005” for external surfaces and 
for simple bores where positive locations of core are 
possible, complex bores requiring larger tolerances. 

The sequence of operations is shown in Fig. 18, and 
is as follows. The pattern is an ordinary wooden 
model of the component to actual size, plus con- 
traction allowance, which is placed inside a simple 
wooden frame on a plaster representation of one 
half of the mould and the whole lightly brushed over 
with wax polish which has been dissolved in 
methylated spirits. The investment material is similar 
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Fig. 17. Cast assembly extracted from mould, and 
examples of finished blades. 


to that used in the lost wax process, being sillimanite 
mixed with a hydrolising agent and methylated 
spirit, but in addition an accelerator is added. By 
this method a ‘gelled’ mould can be obtained in 
one to three minutes and whilst it is still in a slightly 
plastic state, the pattern may be removed without 
permanent damage to the mould face. The process 
is repeated, utilising the mould just produced to 
replace the plaster half during the making of the 
other half of the mould. The mould is immediately 
ignited to drive off surplus methylated spirit, after 
which it is ready for use. If the mould was not 
fired, it would eventually disintegrate, for as the 
alcohol is liberated a large granular structure is 
formed which seriously weakens the mould. Firing 
has the effect of speeding up solidification, together 
with the formation of a fine interlocking granular 
structure. 

The process may be operated with comparatively 
little equipment, a bench and a hearth being all that 
is required before the casting stage. 

Finally, one should appreciate that the two 
processes are considered in the world of experimental 
gas turbines to be complementary to one another. One 
cannot be considered to replace the other. 





Fig. 18. Sequence of operations in Shaw process casting. 
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Blade Machining 


The problem of quantity is encountered within the 
field of blade manufacturing. Any gas turbine engine 
will comprise not less than 2,000 aerofoil sectioned 
blades and, in the case of a large engine, the manu- 
facturing capacity required for one engine set of 
blades may be 10,000 to 15,000 hours. 

Profiling aerofoil sections presents a continual 
problem, and it is still the dream of the gas turbine 
world that a blade should be obtained precision 
forged within the aerofoil envelope tolerance of .005”, 
at a price and within the manufacturing time of a 
machined blade. Such a blade eliminates all profiling 
and polishing problems, with the exception of die 
sinking. As yet, although precision forgings can be 
obtained to the limits stipulated, for production 
purposes the price is greater than that of a machined 
blade produced from a rough stamping, and for 
experimental purposes machined blades can be pro- 
duced far more quickly and thus the problems of 
profiling and polishing must still be faced. 

Basically the compressor blades are of aerofoil 
section, being of four types :- 

1. Constant Section No Twist 
2. Twist 
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Fig. 19. Pratt and Whitney 8-spindle copying mill. 
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3. Taper Section No Twist 
4. i. . Twist 

The first three types are the simplest to produce 
and, unfortunately, today the least used. In the drive 
for ever-increasing efficiencies, the blade design has 
become increasingly complex. The blade of today 
is invariably of the twisted taper section type, com- 
prising not merely tip and root sections which are 
straight faired, but multi-sections to give the nearest 
approach to a curved fairing. 

The first and second aerofoil types can be produced 
from rolled section strip, and the third on a hydro- 
matic mill utilising a fixture capable of limited 
rotation. 

In the early days of producing complex blade forms 
of the fourth type, all machining had to be carried 
out on equipment already existing for die-sinking and 
copying. Such equipment employed spherical-ended 
end mills and high speed carbide burrs and was, 
therefore, tediously slow, because the lack of rigidity 
in the cutting tool would not allow heavy cuts. Single 
and triple spindle Kellers were pressed into service 
until the 4 and 8 spindle Pratt and Whitney copying 
mills (Fig. 19) which were originally designed for 
quantity production of milk bottle moulds, could be 
installed. The installation of this equipment certainly 
eased the profiling problem but the relative slowness 
of the process, and the ever-increasing demand for 
higher efficiency blades, led to a continual process of 
experimentation for better copying processes. 

Of these experiments, one of the earlier ones to be 
tried at A.S.M. was the introduction of a French 
hydraulic copying lathe, (H.E.B.) (Fig. 20) which was 
adapted to turn simultaneously the outside form of 
four blades at one load. Unfortunately, due to the 
constant speed of rotation and the tendency to subject 
the cutting tool to shock loads, the cutting speeds 
did not give any time advantage over the Pratt and 
Whitney process. Later models produced by H.E.B. 
incorporated a cyclical speed variation control, which 
speeded up production and improved tool life, due to 
reduced shock loading. Numerous experiments have 
been undertaken to mill at one setting the complete 
aerofoil section of a compressor blade, and although 
several companies use nothing else but this method, 
the associated problems have not led to its universal 
adoption. However, experiments still continue. At 
A.S.M. the H.E.B. has been successfully adapted for 
milling aluminium alloy blades of approximately 5” 
aerofoil length, and the machine is to be fitted with a 
milling attachment suitable for not only aluminium 
allovs, but steels and Nimonics. 

Shapers (Fig. 21) have been adapted for the 
simultaneous shaping of both inside and outside form. 
The simplicity of the set-up resulting from the 
elimination of revolving workpieces, and work 
steadies, due to the opposing and equal thrust of the 
cutting tool one to another, and of hydraulic tracing 
systems, leads to a cheap and rigid set-up which 
compares in speed of production with any machine 
yet developed in the one-off field. Machining times 
are reduced by 40°% as compared with Pratt and 
Whitney methods. 
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Fig. 20. H.E.B. hydraulic 


copying lathe. 


One of the more recent acquisitions of the gas 
turbine industry is another multi-headed horizontal 
form of mill —the SWISS RIGID (Fig. 22). This 
mill is of heavy construction, employing spherical 
radiused disc cutters which permit very rapid stock 
removal. Machine times may be reduced by 25°/, for 
stainless steels as compared with Pratt and Whitney 
methods, but for Nimonic materials as much as 80°/ 
may be saved, since the life of a carbide burr on 
turbine blade materials is very short. 








For all the accurate machining processes which 
exist, it is still not possible to produce an aerofoil 
section to conform to envelope limits, without 
polishing the form to size. 


At A.S.M. all polishing is done to gauge by hand 
on polishing bobs, which is a tedious and expensive 
method. Numerous experiments are in hand to 
mechanise the process, but it is as yet too early to 
give comment upon them. 


Fig. 21. A.S.M. dual 
cutter blade shaping 
machine. 
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Fig. 22. Swiss Rigid 8-spindle copying mill. 


Machining and Sheet Metal Work 


In the experimental organisation one of the first 
problems to be faced is that of labour. All machinists 
must be of toolroom calibre, capable of their own 
setting and operating, the equipment being of the 
high-class general purpose variety, together with a 
number of jig borers and jig mills to offset the need 
for tooling. 


All sheet metal work is carried out by skilled 
tinsmiths, there being no time to await press tools 
for one-off components. The sheet metal worker 
must be capable of producing by fabrication any of 
the complex shapes the designers may require for 
combustion research, etc., in heat resistant and 
stainless steels by hand methods, for which he is the 
highest paid worker in the industry. 


Since their problems are to a large degree common, 
it is proposed to consider them together rather than 
select random examples. It is of further interest to 
examine the problems from the viewpoint of 
designing for weight saving. 


Design for Weight Saving 


To a civil airline operator, a saving of one pound 
weight is worth an extra £35 over the standard 
engine cost. To a military authority the value is 
considerably higher, possibly to the order of six times 
as great. 
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Generally speaking, the development has been that 
cast aluminium structures of high aluminium content 
were rendered obsolete by the increasing compression 
temperatures, and new materials were sought. 
Spheroidal cast irons and _ high temperature 
aluminium alloys were available, but due to lack of 
casting technique a fabricated mild steel structure 
had to be produced with a resultant saving of some 
10° weight, for stator casings. 


Centre sections have been produced from both 
aluminium forgings and from mild steel fabrications, 
with little difference in cost or weight. Compression 
temperatures again eliminated the aluminium forging, 
and since the casting of such a complex structure is 
still extremely difficult, the fabricated type of structure 
may remain for some considerable time. Stainless 
materials are replacing mild steels to eliminate treat- 
ments, but these do not reduce weights. Experiments 
have been conducted to ascertain the possibility of 
fabricating ‘40’ weld material, which is a stronger 
form of M.S. but as yet it has only limited application 
due to the difficulty of spinning and pressing, caused 
by its reduced ductility as compared with M.S. 
However, the higher proof stress does allow a 
reduction of gauge, and a consequent weight saving. 


A new material, Rex 448, of some 35/40 tons/sq. 
in. proof stress, is more ductile than ‘40’ weld and is 
stainless whereas ‘40’ weld is not. Its heat resistant 
characteristics are excellent and, although it is as yet 
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early to give detailed comment, weight reduction of 
25°%, should be possible. The ultimate goal may be 
titanium. The earlier alloys were disappointing, for 
they could not be used for high temperature 
applications and were limited for use below a 
temperature of 350°C. Thus, only the compressor 
end of an engine could utilise the alloy. 

Recent improvements to the alloy may result in the 
application of machined components to the turbine, 
but the use of titanium sheet is still very lunited due to 
its low temperature limitation (approximately 250°C) 
and it may be some while before titanium fabrications 
are produced. 

Even so, it is possible to save 400 lb. at the present 
moment on compressor design and this figure will 
increase as the high temperature alloys are employed 
throughout the engine. 


Titanium — Manipulation 


The fabrication and machining of titanium 
demands an entirely new technique as compared 
with that accepted for everyday ferrous and non- 
ferrous materials, This is entirely due to titanium’s 
great affinity to oxygen, and its proneness to work 
hardening. 

Turning and milling, boring, etc., present little 
problem, provided the cutting tool is not allowed to 
rub. Standard broaching technique is not generally 
satisfactory, since the fineness of the chip tends to 
polish the workpiece, and thus cause work hardening. 
Consequently the chip thickness must be increased 
to approximately triple the normal rate, say, .005”. 

Grinding wheel speeds are reduced to approximately 
2,500 ft. min. from 6,000 ft. min. This is due to 
titanium’s tendency to smear. Wheel wear is at all 
times heavy, stock removal being only two or three 
times that of the rate of the wheel. Dry grinding 
must be avoided at all costs, since titanium dust, :f 
ignited, is explosive. 

Fusion welding must be carried out in an inert 
atmosphere to avoid oxygen contamination above 
500°C, both sides of the weld being shielded. 
Tolerable results may be obtained with commercially 
pure titanium, providing carbon electrodes are not 
used. Titanium alloys are as yet disappointing, due 
to their degree of brittleness which precludes their use. 

Casting of this alloy is still a very difficult 
procedure, which must be carried out in an inert 
atmosphere and in a crucible which will not 
contaminate the titanium. It is believed that a water- 
cooled copper crucible provides an answer and 
experiments still continue. Processes such as deep 
drawing, pressing, spinning, etc., appear to present 
little difficulty, 


Production of Thermal Insulating Blankets 


The manufacturing of the following component 
may be of interest due to the unusual methods of 
fabrication which were adopted. The problems arose 
from the necessity to provide a barrier between the 
aircraft structure and the hot components of the 
engine which culminated in the production of a 


thermal insulating blanket (Fig. 23). The blanket 
is a sandwich of .004” stainless steel and an insulating 
medium. The stainless steel is unobtainable in widths 
greater than 14”, and thus the first problem is to 
weld together several widths according to the size ot 
the blanket required. 

Spot welding is achieved with a 4 KVA G.E.C. 
machine (Fig. 24), welds being placed 4” apart. The 
top electrode is carried in a special low inertia holder 
to give the quick follow-up necessitated by the rapid 
collapse of the metal being welded. Seam welding 
is carried out with a 4 KVA G.E.C. machine which 
will weld with a series of overlapping spots of (42, 31 
or 25 welds per inch) at the rate of 2 feet per minute. 
One novel feature is the use of continuous wire 
electrode which passes along a groove on the 
periphery of the bottom electrode disc. In this 
way a new electrode surface is provided for every 
weld and the method has the obvious advantage over 
the use of a permanent electrode wheel, which would 
need constant redressing. 

A fractional horse-power motor supplies drive to 
the bottom electrode, guide rollers and wire winding 
reel, the front rollers being driven at a slightly 
greater peripheral speed than the rear rollers so that 
the sheet is held taut, Having seamed the required 
sheets, it is necessary to quilt the material in order 
that it may be manipulated, for the material in its 
flat condition is so thin that it is impossible to stretch 
or shrink it with normally accepted sheet metal 
methods. Also, it is liable to fracture due to crinkling. 

Thus, in effect, before any manipulation occurs the 
sheet must be pre-shrunk by passing it through hob- 
nail type rollers, in both lengthwise and widthwise 
directions. The blanket skins may now be formed, 
the Refrusil sandwiched between them, the edges 
turned over and spot welded. 

A fact which was overlooked in the early days 
of blanket design was that, with violent changes of 
altitude, the blankets being airtight could not breathe 
and consequently burst. 





Fig. 23. Thermal insulating blanket. 
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Fig. 24. Spot welding stainless steel for thermal insulating blanket. 


High Speed Gear Trains 

To conclude the section relating to manufacturing 
problems, the question of high speed gear trains 
which are peculiar to propeller gas turbines may be 
of interest. 

To operate efficiently, Mamba/Dart Compressors 
have a very high rate of rotation — 15,000 r.p.m. 
propeller speeds being as low as 1,600 r.p.m.—a 
reduction of 94:1. 

In the early days of reduction gear testing, involute 
gears, even though produced to a high degree of 
accuracy and finish, would only run for very short 
periods before failing due to heavy vibration and 
fretting. The problem was resolved when it was 
determined that the teeth in mesh were deflecting 
under load, causing the teeth about to come into 
mesh to be slightly out of pitch. Hence upon meshin« 
there was a distinct shock. The answer was found 
to be to relieve the gears at tip and root, and although 
this effectively altered the profile of the tooth, which 
is no longer a true involute, and it would appear 
that uniform angular velocity would no longer be 
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possible, in fact, under load the tooth distortion 
takes up such discrepancies. 

Generation of such a form is not practical and, 
therefore, all shaping and grinding is carried out 
with the aid of formed cutters and grinding wheels. 


Conclusion 

The gambit of this Paper has such a wide nature 
that in fact it only considers the fringes of any aspect 
mentioned and there are many other points of interest 
which have not been included, together with others 
which would have warranted deeper investigation. 
In brief, the Paper merely outlines a background to 
the experimental gas turbine organisation. 
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Mr. Lenoir 


tte progress of clock and watch manufacture in 

Great Britain has had an extremely varied 
and hazardous career; its history at times has been 
more like fiction than factual engineering. The watch 
industry first began at the commencement of the 16th 
century and led the world during the 17th and 18th 
centuries. After this it declined and compares with 
the rise and fall of the Roman Empire, but — true to 
the British character — after the fall it rose again. 

To measure the progress made I thought it would 
be a good plan to start at the beginning of mechanical 
clocks and follow on with watches and, as I am 
addressing experts keenly interested in production 
problems, towards the end I will concentrate on the 
production methods of the high-grade watch rather 
than on the production of clocks, as this is more akin 
to normal engineering and our time is limited. 

The first mechanical clocks appeared in 1300 and 
one of the earliest is still in Exeter. A reference in 
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the 14th century mentions 70 tower clocks to be 
found in Italy, France, England, Flanders and even 
Switzerland. At that time, the production was en- 
trusted to the blacksmith in collaboration with the 
clockmaker, who dealt with the various calculations. 
Towards 1430 the mainspring was invented and was 
first used in the manufacture of table clocks; these 
became smaller and eventually the first portable 
clocks were produced at Nuremberg and, owing to 
their shape, were called “ Nuremberg Eggs”. The 
better known were made by Peter Henlein in 1500 
and some had a 40-hour run. A little later, similar 
small clocks or “ watches” made their appearance 
in Blois (1518) and London. 

Watches, originally, were made one at a time; 
just as an artist is commissioned to paint a portrait, 
so would the early craftsmen be asked to make a 
watch for a wealthy patron. I say wealthy, as at the 
time it might take six months or a year to produce 
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Fig. 1. Swiss type automatic. 


the watch and the after-sale service continued for- 
ever; in some cases, famous watchmakers were 
attached to the Court and obtained their retribution 
according to their deserts a pension for life or a 
less agreeable alternative if they did not give satisfac- 
tion, which shows that even in those days the 
customer was always right. 


Perhaps I am wrong in comparing the early watch- 
maker with an artist, as the watchmaker has to keep 
in mind the object of the exercise which is for the 
watch to keep time, whereas with the artist the 
interpretation can be a little more fanciful; in mod- 
ern art this can be particularly so when dealing with 
political figures. 


Bearing in mind that most of the production work 
was carried out by hand, one is amazed — when 
admiring the watches made by the early watch- 
makers — at what could be achieved by pride of 
craftsmanship, which was a quality control of the 
highest order. An old record mentions that Julien 
Coudray, a master clockmaker, paid two hundred 
crowns for two excellent daggers carrying in their 
hilts two gilt clocks which the King had bought for 
his own use. He probably felt that it was a 
good insurance and would tell the right time to 
strike. 
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The Balance and Spring 


In 1675, Huygens invented the balance and spring. 
This was a great step forward, as before that watches 
had to rely on hog’s bristle and an error of one hour 
in 24 was accepted as normal timekeeping. I cannot 
trace any reference as to the diet to be followed to 
ensure the best elasticity for the bristles. In 1704 
the jewelling of watch bearings was started in London 
by two gentlemen, namely, Facio de Dullier and 
De Baufre. This innovation was not very popular 
but, bearing in mind how difficult is the production 
of jewels even by modern methods, one can under- 
stand the reactions of the watchmakers of that time. 


There were many other ideas and there is no 
doubt that the 16th and 17th centuries produced a 
wealth of inventors from all nations who contributed 
to the progress that has been responsible for the 
watch of to-day. England then led the world through 
the achievements of Graham, Tompion, John Arnold 
and the famous Harrison. 


Harrison was a carpenter by trade but a born 
artist and the best example of the bulldog breed in 
horology. He eventually achieved his ambition in 
meeting the exacting requirements of the Admiralty, 
only to find that an even more difficult achievement 
was to obtain the promised payment during his life- 
time. (King George III intervened to help.) 


The Lever Escapement 


Another man who should be remembered and 
whose invention is to be found in practically every 
jewelled watch is Thomas Mudge, the inventor of 
the lever escapement. If you study the early proto- 
type which he made in 1759, you will find little to 
differentiate it from the modern escapement of to- 
day. Thomas Mudge should be better known; per- 
haps one day horologists all over the world will 
recognize his contributions as some of the most 
valuable, right up to these modern times. 


In 1792 twenty thousand watchmakers were em- 
ployed in the London area alone and 72,000 pieces 
were exported in 1797. This shows the importance 
reached in the production of watches. 


The Detent Escapement 


In the 18th century the detent escapement was 
holding its own against the lever, but only because 
the tooling of the lever escapement was more 
complicated. The keyless watch displaced the fusee, 
and further progress was made by Breguet, Le Roy, 
Ferdinand Berthoud and Charles Guillaume, who 
invented the Invar material for hairspring tempera- 
ture compensation. 


From 1843, several attempts at mass production 
were launched, some in London, such as the British 
Watch Co. in Dean Street, and other makers in 
Coventry. Another worthwhile attempt was made 
later by the Lancashire Watch Company who were 
partly equipped with American watch machines, and 
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were well ahead on the design and production of 
their own press tools. In 1850, A. Dennison and other 
engineers started watch projects in the U.S.A. and 
developed machines for watch production which 
eventually led to the thriving American watch indus- 
try of to-day. In 1865, Messrs. Japy of Bethune pro- 
duced 500,000 ebauches during that year, using 
water power. 


Unfortunately, in England all attempts failed 
through lack of interest or lack of capital, and also 
because of the fact that horologists — who in many 
cases were true artists employing apprentices — looked 
with disfavour upon the machine-made watch as an 
inferior article. By 1930, apart from a few firms left 
in London and Coventry, the thriving industry of the 
16th century was virtually finished. 


The first signs of revival in 1932 were due to the 
vision and courage of the late Sir Allan Gordon Smith, 
who made it possible to start a modern factory for 
the mass production of escapements, the escapement 
being the most difficult part of a watch or clock 
movement. From this first step, further progress was 
made and eventually wheels and pinions and complete 
small 8-day clocks were produced in quantity. 


I will not elaborate on the tribulations we had when 
given a field and a four-year plan, as a similar situa- 
tion existed again with the manufacture of the first 
watches in a much shorter time, which I will deal 
with later. Let it suffice to say that, within the time 
stated, the factory was turning out 7,000 high grade 
escapements per week, apart from over 3,000 small 
mechanical clocks. 


That potential was of great value when the War 
came. The small 8-day clock movement, built on 
watch technique with solid bridges, was the basis 
of developments for the mine mechanisms of every 
description, including one mentioned by Sir Winston 
Churchill, in his first book, under the chapter heading 
‘Operation Royal Marines.” I remember very well, 
at that time, how we were asked to produce in record 
time a complicated mechanism to answer the require- 
ments of that particular operation. It had to be 
done and was a matter of extreme urgency. With 
the help and co-operation of a number of craftsmen, 
I recollect that within 48 hours (and that, by Church- 
illian standards, might be too long!) I took home 
the first prototype, as I wanted to make sure that it 
would function at the correct intervals during the 
night. I placed it in a glass, put the glass on a plate 
with a number of pennies on it and at four o’clock 
was duly awakened by the striker of the mechanism. 


Effect of the War 


Progress towards watchmaking was retarded at the 
beginning of the War, as trained personnel had to be 
dispersed to help in the manufacture of mechanical 
fuses, mine mechanisms and other instruments. 
The position was rather difficult, but luckily the 
Ministry had sanctioned our efforts to obtain 
specialised machines in sufficient time before the War 





Fig. 2. Measuring machine. 


to enable us to order our requirements. Unfortunately, 
only 60°, was delivered in time; the balance was left 
in Switzerland or France, or else sunk or lost. We 
had to make prototypes and these in turn had to be 
copied for special lathes, automatic machines, gear 
cutting machines, grinding machines, for balance 
wheel turning and poising machines, pivoting 
machines, and so on. 


The biggest difficulty, however, was with raw 
material. We endeavoured, before the War, to obtain 
raw material for our escapement factory but even- 
tually were forced to order it from Switzerland. This 
is understandable as the tonnage is small and the re- 
quirements very exacting. 


During the War, and again with the full support of 
the M.A.P., we drew up special standards for the 
brass rods and strips and for the steel rods and strips 
which we needed. After exchanging “views” with 
the manufacturers concerned, we eventually came to 
a satisfactory basis. To illustrate our difficulty, I sent 
an enquiry for 50 lb. of special material and received 
a curt letter telling me that, in view of the small 
amount, I might at least multiply this particular 
requirement by 50. I could only reply that I had 
already multiplied it by 100! The object, I will 
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Fig. 3. Swiss automatic balance wheel turning machine 


admit, of our rather tight specifications was to en- 
sure dimensions within limits needed on our auto- 
matics and constant machinability. 

Mainspring manufacture during the War was 
another difficulty which had to be overcome with the 
co-operation of friends in Sheffield. 

With regard to hairsprings, we had assembled the 
necessary plant in an old manor house in Gloucester- 
shire and started in earnest as War was declared. 
When you see the samples of hairsprings which have 
to be produced to less than 2/100 in thickness, to be 
rolled, coiled, heat treated and colletted, you will 
realise our difficulty. It was found that small watch 
type screws were all imported from Switzerland before 
the War and no suitable machinery was available for 





734 





the smallest sizes. However, a machine more than 
20 years old was found, received intensive modern- 
ising treatment and was the first stopgap. Other 
machines were altered to make hairspring collets. We 
also had to make tweezers, special countershafts, 
polishing compounds, drills and taps; at one time we 
commandeered all the orange sticks from the beauty 
parlours in the town to use as pivot hole cleaners! 


Jewel Requirements 


Last, but not least, jewel requirements were next on 
the list. Again the Ministry had been farsighted, and 
stocks of finished jewels and boules were available 
(the boule is the synthetic sapphire used as raw 
material); but these were coming to an end, so a 
factory was established and run by the Ministry to 
cover the requirements of industrial and watch jewels. 
Since then, we have started a new plant near Glas- 
gow and, within a few years, have reached an out- 
put of over 100,000 jewels per week. The magnitude 
of the task will be understood when it is appreciated 
that over 50 operations are needed on a balance 
jewel and the selling price is about sixpence. 


Labour was one of the greatest difficulties, and the 
majority was originally conscripted from Devon and 
Cornwall. Training was long and difficult even after 
a careful selection, but eventually we concentrated 
on careful planning and mechanisation so as to de- 
skill as much as possible; and I can say that this was 
done with a large measure of success. But if, for in- 
stance, you de-skill on the assembly processes, then 
more skill is needed in planning the tools, jigs, fixtures 
and other mechanical aids, and you still need the 
light touch necessary when handling minute 
components. 


Fig. 4. Jig borer. 











Fig. 5. Five-spindle escape wheel 
gear cutting machine. 


In 1940, aviation clocks for fighters and bombers 
were produced from zero to an output of over 1,500 
a week during the War. In 1942, it was necessary 
to design and produce the first 19-ligne pocket watch 
and, later, to add in record time a stop watch for 
all three Services. Eventually, a 12-ligne lever wrist 
watch appeared — under an austerity cloak, which 
has since been removed. 


War and Peace 


In this new chapter the impetus given to watch 
production by the War was continued with the help 
and guidance of the Ministry of Supply, and, apart 
from lever watches, other factories were developed 
to produce cheaper types of watches fitted with pin 
pallet escapements; their combined output is now 
about 3 million a year. They produce medium and 
cheaper watches to meet the demand and also to 
provide a larger pool of skilled labour. For the same 
reason, an alarm clock factory — the most modern in 
the world — was established in Scotland; it has an 
output of about 50,000 timepieces per week. 

All these projects deserve great credit, but in the 
limited time at my disposal, I will concentrate on the 
watch factory making 12-ligne high grade lever 
watches. The watch movement comprises the barrel 
and mainspring providing the torque, the train of 
gears to transmit it to the escapement, which is the 
controlling element, and the motion gear trans- 
mitting the controlled movement to the hands. First 
we find the Technical Department where prototypes 
are made, where the design and layout operation list 
and quality control tests are prepared and checked. 
It must be realised that in the 12-ligne movement 
there are 143 components and 664 operations. 





The raw material is carefully analysed and put 
through physical tests. Brass and steel rods of dia- 
meters varying from .45 to 10 mm. are passed on to 
the Automatics Department. In this department the 
normal limit is 1/100 of a mm. and with small pivots, 
as for the balance staff, $/1/100. 


Automatics 


The Swiss type automatics are used, particularly 
the well known Tornos machine. The construction 
of the head stock, which is controlled by cams, is 
built in such a way as to allow for the maximum 
rigidity for the tools. The number of tools apart 
from any additional attachments are from four to 
six. Tungsten carbide-tipped tools are used on a 
number of operations; diamond tools are also used 
where very high finish is required. 

On these machines are produced all the turned 
parts for watches and small clocks. 

In the Swiss type automatic the accuracy depends 
partly on the accuracy of the material and in many 
cases the rods are reeled on special machines to ensure 
perfect smoothness, and to check the diameter at the 
same time. All components, pinions, spindles, etc., 
are turned to the required accuracy and no secondary 
turning operation is necessary. 

One of the greatest difficulties is to separate the 
swarf from the components and in many cases special 
attachments are made to that effect. 

Going over to press work, accuracy is again the 
keynote, but here, instead of dealing with hundredths 
of a millimeter or even half, press tools, specially 
those used for piercing the pivot holes, are checked 
for position on the basis of the micron: 1/1000th of 
amm. This precision, which before was a dream, is 
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Fig. 6. Escape lever slot milling machine. 


now a reality and is a necessity in achieving inter- 
changeability. To reach this high precision jig 
borers and jig grinders are used; in some press tools 
18 holes are pierced to that precision within a 
diameter of 27 mm. 


Press Work 


To obtain accuracy and uniformity of shape, 
blanks are shaved or repassed on special press tools; 
the material removed on the repassing operation is 
about 10/100ths mm. for location of holes, and 
15/100ths mm. on form. 

A large number of press tools are now made using 
a Pantograph machine which grinds accurately the 
punches or segments for the dies. Tungsten carbide 
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is often used for punches and, in very special cases, 
for the die as well. A jig borer is used to bore the 
holes in the usual way and a small precision type jig 
grinder will correct any variation due to any slight 
distortion on heat treatment. 

Apart from press tools, jigs and fixtures are checked 
to the same accuracy on special measuring machines 
using vertical and horizontal co-ordinates. 


Gear Cutting 

The brass wheel blanks are pressed out and held in 
a mandrel through the spokes; the hole is pierced on 
a press tool locating from the outside diameter of the 
teeth to ensure concentricity. 

Machines are of the Safag type and the gear cutting 
carried out in two operations—one roughing out, one 
finishing with constant profile cutters which have 
to be made with great accuracy and with a high 
finish. The small pinion blanks are held by the pivot 
shoulders into conical broaches. They are then 
hardened and tempered with special equipment to 
avoid distortion, scaling or oxidisation. The pinion 
leaves are then polished and the pivots burnished on 
Hauser type machines, Special equipment checks 
the profile of teeth and the finish; skilled dentistry 
is required for the 584 teeth found in that particular 
wrist watch. 


Steel Components and Springs 
In this section is carried out the polishing of steel 


components, screw heads, etc. This is done on 
lapping machines of small size but normal design. 


Plates and Bridges 


These components, called ‘“ ebauches”, were 
originally partly machined by specialised firms, and 
later sent to other experts who put the final touch 


Fig. 7. Turning machines for 
watch plates. 
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Fig. 8. Drawing of balance staff blank. 


737 





: 





and completed the ebauche into a working move- 
ment. Nowadays, the accepted method is to produc 
the plates and bridges complete and accurate in every 
detail, so that the various components can be fitted 
into it with the minimum of adjustment, if any. 
To do this, we rely on the accuracy of the master 
blanks and on the subsequent repassing operations, 
particularly those controlling the pivot holes. These 
are pricked on a press tool, drilled on an automatic 
driller giving an output of up to 56 holes a minute, 
and then the final repassing. The auto-drilling 
machine is fitted with a red warning light to indicate 
if any drill is broken. 


Recessing operations are carried out on automatic 
profile milling machines in one or two operations 
according to the amount of material to be removed 
and the finish required. We have even fitted vacuum 
cleaners on these machines to remove the swarf from 
the cutters as a useful refinement. The piercing of 
holes and the recessings are planned according to the 
thickness diameter ratio. Jewels and endstones are 
pressed in by interference fit. As an indication, there 
are 55 operations in the 12-ligne watch plate. 


Escapements 


The escapement is the controlling unit comprising 
the balance wheel, lever and escape wheel. The 
escape wheel is gear-cut or, rather, milled in a seven- 
spindle machine by means of form cutters. On high 
grade watches these wheels are hardened and tem- 
pered, rectified on the impulse and locking faces, 
polished and chamfered on the impulse plane; it is 
then assembled to the escape pinion. The lever blank 
is repassed to ensure the correct contour, the pallet 
staff hole drilled and the notch and horns milled; 
then the pallet slots are milled and the lever staff 
and guard pin fitted and later rectified in position. 
The pallet stones are inserted slightly forward and 
set on a special machine, developed originally in our 
Escapement Factory before the War and improved at 
the Watch Factory. A small electric hot plate heats 
the shellac and two levers push the stones into their 
correct position within limits shown on an optical 
projecting head. The guard pin is also projected at 
the same time on the screen to verify its correct 
position. This machine takes the place of an escape- 
ment adjuster — one of the most skilled experts in the 
horological profession. 


The turning of the balance wheel blank is effected 
on a semi-automatic lathe; the centre hole and 
flanges are pierced, then it is turned on special bal- 
ance wheel turning machines to rectify the back and 
the diameter of the hole. The front edge, including 
the chamfers, is then turned, usually with diamond 
tools. It is then drilled and tapped, the screws are fitted 
and the balance is riveted to the staff. The hairspring 
is colleted and fitted to the balance staff, vibrated, 
cut to length and the anchor post is fitted. The 
automatic vibrating equipment which we use now was 
developed at the escapement factory before 1930 
when this method was little known. The hairspring, 
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in this case, is only 3.2 hundreths of a millimeter, 
approximately 14 thou. thick. The balance staff is 
mounted with small pivots of 9$ hundredths of a 
millimeter in diameter, and these, as on all watches 
of good quality, run in jewels. Roller blanks are 
milled and the jewelled impulse pin fitted. 


Assembly 


The absolute interchangeability is the basis of 
satisfactory modern assembly. When an adjustment 
is needed, it must be a controlled adjustment by 
means of a jig or fixture or graduated screen, so that 
the movement produced is to a uniform standard in- 
stead of reflecting the skill of the various operators 
engaged on that assembly. It is divided in sections 
dealing with the assembly of the barrel and train, 
then with the assembly of the escapement components, 
followed by the functioning of the hairspring motion 
gear, dial and hands and casing up. 


Timing 

The uniformity of assembly renders the timing 
more mechanical, which means that timing can be 
approached on definite lines through mechanised 
aids such as vibrating heads and timing machines. 
These give accurate information in seconds per 24 
hours and some indication of quality, but cannot 
check any cyclic error; to ensure perfect reliability, 
watches are checked in six positions and timed in 


three, and are made to repeat several times up to 
16 days. 


Conclusion 


To conclude, I should like to quote Mr. Lennox- 
Boyd, formerly Parliamentary Secretary at the 
Ministry of Aircraft Production, who said in the 
House of Commons on the 16th October, 1945 :- 


“We shall have the beginnings of a very valuable 
industry here — a clock and watch industry. We shall 
be able to keep skilled labour in that field of high 
precision engineering in which we are unequalled, 
and we shall also be able— should the need ever 
arise — to expand rapidly.” 

At the time when Mr. Lennox-Boyd spoke these 
words, the watch industry hardly existed. But he 
had visited during the War the very factory I have 
described to you and had seen enough of the pioneer 
work to be able to forsee that with Ministerial back- 
ing — this became the responsibility of the Ministry 
of Supply — the clock and watch industry would be 
created again on a modern and sound basis. 


This industry has been a strong supporter of the 
Government’s Development Area Policy, and most 
post-war projects are located in these areas. 


Progress has been made. We now have a valuable 


industry here. It is upholding the traditions of the 
past, and it has come to stay. 
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THE ACCOUNTANT IN 


PRODUCTION ENGINEERING 


by J. R. HARROWELL, F.I.C.A. (Australia). 


Presented to the Sydney Section of the Institution, 4th May, 1954. 


We accountants often think engineers practical 
fellows but with a very highly developed ability to 
incur expenditure with reckless abandon. On the 
other hand, there are engineers who consider account- 
ants worried little fellows possessing an ingrained 
gloominess on all matters of finance. 

Both descriptions no doubt aptly apply to the 
extremes in these professions. But, in between, there 
are those who can meet on a ground common to 
both. At the worst, engineers incur the costs with 
reckless abandon and accountants add them up and 
shake their worried heads. 

At the best, accountants have sufficient under- 
standing of your methods and past records to offer you 
a guide towards accurate estimates for work in hand 
and quotations to gain profitable orders. 

As production engineers, you are not only con- 
cerned with actual production, but with the financial 
outcome of production. The role of the accountant 
in production engineering is to provide you with the 
financial record of your practical work to judge and 
know its outcome. Both the engineer and the 
accountant are quite confident of their own particular 
roles, but the conversion of the practical to the 
financial and vice versa requires the fullest co- 
operation. 

For the accountant to play his part, he must 
receive certain basic information from the engineer. 
To the engineer who is busily engaged on his own 
work, the continual pestering for information is per- 
haps an exasperating imposition. 

Any self-respecting accountant will concede that 
the production engineer is the important member of 
the team and, in view of the fact that I may be the 
only accountant present at this meeting, I hasten to 
make this concession. However, the production 
engineer is not the only member of the production 
team and modern conditions and the demand for 
more efficient production require that we understand 
each other and work to the common end. 


The subjects chosen for this Paper are being given 
a great deal of attention by accountants and have a 
considerable bearing on your work. Capital Erosion and 
Taxation, dealt with together, Internal Control and 
Costing, are all major subjects in their own right, but 
it is hoped that their condensation here will not 
make them any less interesting. 


Capital Erosion and Income Tax 
There was once a young production engineer who, 
having reached the grade of full member, decided to 
go into business on his own, particularly as he had 
been able to save about £20,000. This was in 1939 
and, in the subsequent years, what with defence pro- 
duction and the post-war period, his machines kept 
going day and night. By all standards, he was a 
success: his company was paying excess profits tax 
and he, personally, was paying tax at a high rate. 
However, he knew that his plant, which in 1939 
cost him £16,000, was really due for replacement in 
spite of his efforts to maintain it. He felt that the 
depreciation allowed by the Taxation Department 
and put aside each year was quite adequate to cover 
the replacement. The day came in 1951 when the 
plant had to be replaced and our friend found that the 
cost of the plant had risen in the intervening years 
from £16,000 to £36,000. His reserve for deprecia- 
tion, when added to the sale value of the old plant, 
made available about £16,000, but the extra £20,000 
had to be found by him and he didn’t have it, as the 
Taxation Department had taken it. To stay in 
business, which was still highly profitable, he had 
these alternatives :- 
1. to carry on inefficiently with the existing plant, 
or 
2. to buy only £16,000 worth of plant and re- 
duce his output, or 
3. to admit outside shareholders who would pro- 
vide £20,000, or 
4. to borrow £20,000. 
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All these alternatives were very irritating to the pro- 
duction engineer, as he was trying to maintain his 
business and not to expand it. If he carried on, the 
breakdowns and poor work would raise his costs; 
if he restricted his business, he would probably be 
forced out altogether and if he induced a bank or 
shareholders to provide £20,000 against his original 
£20,000, his equity in the company would be reduced 
by half. 

We won't prolong this sad story, as most of us 
know the familiar pattern caused through inflation 
and high taxation. The apparent loss of capital just 
described is often called “Capital Erosion”, but this 
term is misleading, as the actual amount of capital 
in most cases does not erode, but the use to which it is 
put is eroded. In the story, the business could no 
doubt have been disposed of and the production 
engineer would have recovered his original £20,000, 
but that is not the point; in 1939 his £20,000 enabled 
him to carry on a highly successful business, but in 
1951 it required £40,000 to keep it going. 

We all know how inflation affects the individual, 
but its effect on a company is more involved. Experi- 
ence and statistics have shown us that inflation has 
been going on for years. Costs between Wars never 
went back to the pre 1914-1918 level, not even during 
the depression, and present costs will not go back to 
the 1939 level. Modern Governments, through public 
opinion, insure that they won’t by undertaking to 
maintain full employment, a policy that means infla- 
tion. During the last year, the inflation curve has 
steadied, but it is still moving up. When inflation is 
small, its effect on business is also small and the 
accounts of companies are reasonably correct. But 
during times of rapid inflation, the results of business 
operations as disclosed by most published accounts 
are most misleading. For example, if a company at 
the beginning of a year had 100 units of stock valued 
at £6,000, then, if we disregard liabilities, its capital 
is £6,000. During the year, this company sold the 
100 units for £9,000, so deriving a profit of £3,000, 
and it replaced these units with another 100 similar 
ones which now cost £8,000 and these were on hand 
at the close of the year. On looking at the year, we 
see that the quantity and quality of stock has not 
altered and a profit of £3,000 has been made: on 
the face of it an excellent year. But — was it an 
excellent year ? Because of the £3,000 profit the 
capital has been increased from £6,000 to £9,000, 
now made up of stock £8,000 and cash £1,000. If 
we compare the two capitals, we see that the com- 
pany started and ended with 100 units of stock so 
there has been no change there and, in addition, :t 
ended with £1,000 in cash. What has happened to 
the profit received, £3,000 ? The answer is that of 
the profit £3,000, £2,000 of it was used to replace 
the £6,000 worth of stock now costing £8,000. This 
means that the company’s available profit was only 
£1,000. The company was now required to pay 
income tax on the profit of £3,000 at, say, 6/- in the 
£1 amounting to £900, so reducing the available 
profit to £100. If the shareholders, on seeing the 
magnificent profit of £3,000, had persuaded the 
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directors to pay a dividend of £1,500, the company 
would have been required to borrow £1,400, so re- 
ducing its capital funds by that amount. This 
example has been over-simplified, but it illustrates 
what has actually happened in many companies, only 
to be obscured by the welter of other details. 

You can imagine how much the profits of other 
companies with large stocks and turnover were really 
overstated in the years that we have just gone 
through. The effect of publishing these overstated 
profits without explanation tends to aggravate the 
inflationary situation, as the public are given the 
erroneous impression that all is well and as a result 
do less and less work. Some directors have, in the 
past, fostered this state of mind by proudly announc- 
ing that the company’s position had been strengthened 
by the placing to reserve, for instance, in our example, 
£2,000. Actually, the amount would only maintain 
the company’s position and that is a lot different 
from the understanding of the word “ strengthened ”. 

If, in the example just given, the business had been 
conducted by a sole trader, instead of a company, a 
further illustration of inflation can be given. The 
sole trader’s taxable income was £3,000 and yet the 
only cash available for him was £1,000. Actually, 
he would not have received even that, as the Tax- 
ation Department would have taken about £900 and 
this payment, together with the living expenses of a 
man on £3,000 a year, would put him in debt to 
the bank to the extent of, say, £1,500, Each year 
of severe inflation would have put him further in 
debt, so increasing his personal worries to the extent 
that he finally passed away. However, this is not the 
end of the story, as the death duties based on the 
valuation of goodwill of his business earning such a 
magnificent profit of £3,000 per annum would con- 
sume the monies received from his life assurance 
policies. It is important to note that a man on a 
salary of £3,000 a year is better off, in times of infla- 
tion, than this sole trader showing a profit of £3,000 
a year. 

You may say all this is an exaggeration and it 
really didn’t happen in years just gone, as there are 
still sole traders in existence doing quite well. The 
only exaggeration, perhaps, is claiming a price in- 
crease of 334°/, in one year. The large increase was 
to make the illustration clear, but smaller increases 
have in proportion the same effect. We are talking 
of Capital Erosion; the word “erosion” signifies a 
wearing away and this process can be gradual, rapid, 
or not even present, depending on the amount and 
nature of the assets making up the capital. 

The term “ capital ” here is not to be confused with 
such terms as “Authorised Capital” or “ Issued 
Capital”: these are really names of accounts to re- 
cord the amount of shares the company is allowed 
to issue and the amount it has issued. The “ capital ” 
being discussed is the net worth of the business to the 
proprietor, be it a company, partnership, or sole 
trader, and it broadly consists of assets less any out- 
side liabilities. The effect of erosion on these com- 
ponents of capital varies. For instance, freeholds 
and stock are not generally affected by erosion as they 

















tend to increase in value during inflation, whereas 
cash, book debts and liabilities, such as bank advances 
and trade liabilities are affected. This means that, 
as soon as the stock is sold and the capital becomes a 
debt or cash, the erosion commences. The effect of 
erosion is less on stock converted to cash than to a 
debt. The cash can be used at once to buy more 
stock but the debt cannot be used until it is paid. 
For example, if goods costing £100 in June were 
sold in June for credit and were paid for in Decem- 
ber, when the replacement costs of these goods had 
risen to £120, the loss of capital funds would have 
been £20, compared with a cash sale in June and a 
replacement purchased in that same month. This 
form of erosion is alleviated by borrowing, but this, 
of course, has its limits. The erosion, in this case, 
is transferred to the lender of the money. 


The Real Answer 

The real answer to this question of capital erosion, 
or the deterioration of the use of capital, lies some- 
where in the higher realms of economic accounting 
and turns on the use of scientific statistical data 
accurately measuring the changes in the true value of 
money. At present, research is being carried out but 
no practical conclusions have been reached. 

The immediate practical answer to it all is depend- 
ent on Government through its Taxation Department 
firstly, reducing taxation, secondly, allowing more 
profit to be set aside for replacement and, thirdly, 
turning a deaf ear to that pernicious theory, pro- 
pounded by adolescent graduates in economics, that 
in times of high profits and shortage of consumer 
goods it is necessary to “ skim off ” the surplus profits 
by taxation. This “skimming off” does not allow 
plant to be fully modernised to increase the country’s 
earning power and further, Governments, on receipt 
of this surplus revenue, instead of burning it, enter 
the field competing for labour, so pushing up prices 
and the inflation goes on. Generally speaking, the 
above measures would present problems to any 
Government bent on producing the maximum 
revenue for its objective-—the Welfare State. In 
the past, Governments have allowed the taxpayer to 
claim 20°% or 40° initial depreciation in the year 
the plant was purchased and in the following years 
allowing depreciation at normal rates on 80°, or 
60°/, of its cost. This measure is no real weapon 
against inflation, as it only defers tax. To illustrate, 
let us say we are allowed to write off 100°/, deprecia- 
tion on plant purchased in a particular year. This 
would mean that the year’s profits would be con- 
siderably reduced, and next year, if no plant was 
purchased, it would be correspondingly increased as 
no further depreciation could be claimed. To assist 
in the fight against inflation depreciation should be 
based, not on the historical cost of the asset, but on 
the replacement cost of that asset and set aside over 
its estimated life. To be really effective, the amount 
set aside each year should vary with the year to year 
variation in replacement cost. 

If the Governments allowed this method, but in- 
creased the taxation rate in order to maintain 


revenue, then one would cancel the other and infla- 
tion would continue unchecked. Such a measure 
would destroy incentive and lack of incentive means 
lack of production. All this is of interest, but it is 
rather unlikely that this Paper will influence Govern- 
ments and so we have to drop to the basement, as it 
were, to find measures more capable of implementa- 
tion. 


Effects of Inflation 

Management must first of all recognise the effects 
of inflation on capital and it must understand that, 
through inflation, the net profit after taxation is not 
all available for dividend and that some of it must 
go back into the business, not necessarily to 
strengthen, but to maintain, the capital. Many, of 
course, have understood these essentials and for that 
reason we see about us to-day companies and sole 
traders who have weathered the storm, whilst others 
have not properly met the problem and as a result 
have had to obtain more capital. In the case of 
public companies, many have correctly transferred a 
large portion of their profits to reserve. Private 
companies and individuals have less chance of doing 
this as the Taxation Act, in the case of a private 
company, penalises it if it places more income to 
reserve than it is allowed to retain free of further tax. 
In the case of an individual, the Department, apart 
from an allowance for depreciation, does not recognise 
reserves at all. However, shareholders of a private 
company and sole traders must plough back their 
income (less tax) into the business where necessary. 
A portion of the amounts transferred to reserves will 
be for the replacement of plant and will represent 
extra depreciation in excess of the amount charged in 
the accounts, based on the original cost of the plant. 
This extra depreciation will be based on the replace- 
ment cost. 

There are some who consider that the Taxation 
Act should be amended to allow this extra 
depreciation as a deduction for income tax purposes. 
This, of course, would be ideal, but this extra deduc- 
tion must be an appropriation of profits and not like 
normal depreciation charged against profits. If it is 
allowed to increase the cost of goods, it only aggra- 
vates the inflationary trend instead of meeting it. 
There are others who consider in addition the use 
of an index, such as the “ Commonwealth Statisticians 
Index of Wholesale Prices of Basic Materials and 
Foodstuffs ” to adjust the historical accounts so that 
they can be more accurately compared with the 
selected base year and with each other. At this stage, 
it is considered that this method should only apply to 
the balance sheet figures and not in the income and 
expenditure accounts. These latter accounts should 
show the year as they found it. By applying the 
adjustment to the balance sheet, the profit can be 
adjusted to relate it to a base year. It is pointed out 
that in accounting it is possible to arrive at the same 
profit or loss in two ways — one through the income 
and expenditure accounts and the other through the 
amount of increase or decrease in capital at two 
different dates. The application of a statistical index 
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to the balance sheet and the adjustment of the profit 
would be of practical aid in assessing the extent of 
capital erosion. 

Directors in their reports should, where necessary, 
draw the attention of the shareholders and the public 
to this question of capital erosion and indicate the 
steps that have been taken within their companies to 
combat it. 

Finally, we come perhaps to the real weapon 
against this inflation — more efficient and increased 
productivity and better standards of work and output 
per person. This weapon, is the one, no doubt, best 
known to all engineers and has been their problem 
for some time past. 

The problems of industrial unrest and the placing 
of work and leisure in their proper positions is out- 
side the scope of this Paper. 


Internal Control 


This subject has been introduced as it is one of 
the most important in our drive for more effici- 
ency in industry and is related to costing. The 
Institute of Chartered Accountants in Australia re- 
cently carried out limited research in this State and 
found that the principles of internal control were 
little known or followed. Of course, there were 
exceptions but even those were not approaching the 
subject correctly. 

A special report on internal control, published by 
the American Institute of Accountants, stated that : 

“Internal control comprises the plan of organisa- 
tion and all of the co-ordinate methods and 
measures adopted within a business to safeguard 
its assets, check the accuracy and reliability of its 
accounting data, promote operational efficiency 
and encourage adherence to prescribed managerial 
policies ” 

The plan of organisation should clearly set out the 
responsibilities of the key personnel throughout the 
organisation correctly segregating their functions. 
There must be provided a proper control over the 
assets and liabilities through systems of authorisation 
and accounting. 

Standard practice should be laid down for all to 
see covering all procedures and methods. 

Staff should be trained to follow and adhere to 
these standard practices. 


Plan of Organisation and Segregation of 
Responsibilities 

Modern business has become big and complicated 
and it is difficult for management to keep control 
throughout an organisation, with the result that it 
has become dependent on its executives to whom it 
has delegated much of its control. It therefore has 
to ensure that what it lays down is carried out, and 
the first step is to set out in chart form the channel 
of authority and responsibility starting with the board 
of directors. 

To achieve proper internal control it is necessarv 
as far as possible to segregate the operational, custod- 
ian and accounting functions from each other. These 
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three functions should be entirely separate and where 
they are not there is a weakness. The operational 
function includes those that actually carry out, for 
instance, engineering and manufacturing work and 
selling. Custodians are those who look after the 
company’s property, e.g., storemen, cashiers. The 
accounting function records the transactions through- 
out the organisation. 

The theory is that no one person should control 
all phases of a transaction without others being intro- 
duced at certain stages as a check. This is directed 
not only at fraud, but mainly to safeguard accuracy 
and adherence to policies. This segregation theory 
carried to departments means that no department 
should control its own operational, custodian and 
accounting functions. For instance, the salesmen 
should not have control over the storing of the goods 
that they sell nor control over the cash received from 
sales. A proper system of internal control lays down 
that the stores department would control the issues 
for sale, the accounts department would render the 
invoices for goods sold, and the cashier’s department 
would bank the money received. 

A further segregation of duties can be carried out 
within these departments, For instance, within the 
accounting function one could check the invoices 
and another attach and check them to the statements 
for presentation for payment. 

In practice, it has been found that the segregation 
of these three functions has not resulted in a lack of 
co-operation, but rather the reverse, as it puts staff 
on their mettle. 


Standard Practices 


With the organisational plan it is necessary to 
prepare a list of standard practices, clearly set out, 
with sufficient copies for all those who have to know 
them. The standard practices must not be varied 
without consulting management. To some of you 
this laying down of standards might seem to savour 
of over-organisation. 

A firm of any real size should have its standard 
practices, as lack of them leads to loss of time and 
errors through staff going their own particular way, 
and management are really not certain that routine 
matters of detail are being carried out correctly. 


Staff Training 


The standard practices should be supported by a 
proper system of staff training to ensure that all 
understand it and the reasons for carrying the work 
out that particular way. Quite often members of the 
staff vary instructions because to them _ the 
instructions appear to be unnecessary, whereas in the 
main plan of organisation they are essential. 

Part and parcel of staff training, of course, is the 
necessity to have the right people in positions of 
responsibility. That, of course, is obvious, but often 
one finds the person in charge of costing perhans is 
technically good, but lacking in imagination and the 
ability to see the “big picture”. 
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Internal Audit 


If a company can afford an internal auditor, his 
duties would be to verify the accuracy of the accounts 
and to see that the organisation plan and standard 
practices are efficiently adhered to by all departments. 
Further, he would also verify that managerial 
instructions were being correctly acted on and 
executed. If this overall check is not done by the 
internal auditor, it should be done by selected 
executives, 


External Audit 


The external auditor is appointed under the pro- 
visions of the Companies Act and external auditors 
have, for some time now, found that it is not possible 
to carry out a full and detailed audit and yet keep 
the fee within reasonable limits. They are required to 
do all the necessary work to satisfy themselves that 
the accounts are in order. In companies possessing 
no internal control the work that has to be done cai 
be considerable and so will its cost. The external 
auditor can reduce the detail and the fee where a 
system of internal control is in operation, provided he 
satisfies himself that it is being adhered to and tests 
show that it is achieving its purposes. Management 
is primarily responsible for the safeguarding of the 
company’s assets and it is in its interest that internal 
control is used, as it provides a far surer day-to-day 
control than that provided by the external auditor. 
who only visits the company periodically when the 
transactions have long been finalised. 

Internal control embraces costing and costing with- 
out it can be misleading. If time cards and material 
requisitions are filled in haphazardly and inaccurately, 
the resulting costs will be unreliable. If idle time 
and spoilt work are not properly recorded under 
supervision, the overheads will be stated incorrectly. 

We have dealt with the subject generally as its 
application will vary with each organisation. Quite 
often it will not be possible to introduce a complete 
system of internal control, as many small organisations 
have one person performing the operational custodian 
and accounting functions. Such a condition is only 
making the best of things and is dependent on 
personalities and is lacking in good control. 


Costing 


The subject of costing is of vital concern to the 
engineer for, without its assistance, he would ve 
working largely in the dark. The accountant is quite 
happy to cope with the mechanics of its implementa- 
tion and operation, but for him to produce the 
necessary costing system he must know what kind of 
information is required by the engineer, and he must 
know from the engineer the processes and problems 
with which the system will have to cope. It is, 
therefore, obvious that the introduction of a proper 
costing system is not possible unless the accountant 
and engineer work together, 


The engineer should have knowledge of the main 
principles of costing in order to appreciate the 
information being asked for by the accountant. He 
should also have some knowledge of the limitations 
of costing and the clerical effort necessary to cost 
production. 

In this Paper we can only touch on these aspects, as 
the subject is too big and the factors often too 
conflicting and variable to allow it to be concisely 
summarised and simplified. 

There are many people, including accountants, 
who believe that the main purpose of any good 
costing system is to produce the total cost to make 
and sell a product. We will see later that there is no 
such thing as only one cost, as there are many factors 
that make a cost right for one purpose and wrong for 
another. The total cost found through costing is at 
its best a well judged approximation. 


Purposes of Cost Accounting 


The Institution of Chartered Accountants in 
England and Wales, in a book entitled “Developmenis 
in Cost Accounting ”, summarise the purposes of cost 
accounting as follows :- 

“ (a) To control expenditure : 

The most essential purpose of cost accounting is 
that of providing accurate and prompt information 
and cost data in order that management may be 
placed in a position to control cost per unit of 
output for all elements of cost, both direct and 
overhead expense. Such control implies the pro- 
motion of efficiency, e.g., in the usage of labour, 
materials and machines by providing management 
with appropriate information per man — or 
machine-hour, idle man—or  machine-hours, 
material consumption, wastage, rejects, and special 
losses or gains peculiar to the industry, such as 
those due to humidity. Competition establishes 
selling prices to a large degree, and the profit- 
earning capacity of a particular organisation may 
be influenced materially by the efficiency with 
which costs are controlled. 

“(b) To provide a basis for estimates and cost 

ascertainment : 

The second main purpose of cost accounting is 
to provide; 

(i) a basis for estimating, 

(ii) information enabling the accuracy of all 

estimates to be checked 

—in other words, the dual function of cost 

estimation and ascertainment. 

“(c) To provide a basis for operating policy : 

The third main purpose of cost accounting is to 
provide management with a basis of operating 
policy, particularly where the products manu- 
factured in the same factory are diverse in 
character. In this connection, it is of particular 
importance to management to know the marginal 
costs of products handled — by which we mean the 
total costs excluding fixed overhead expense, or in 
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other words, every expense (whether of production, 
selling or distribution) incurred by the taking of a 
particular decision. Such information enables 
decisions to be taken as to; 


(i) whether to manufacture equipment, com- 
ponents, or products, or to buy outside, 

(ii) what are, in times of trade depression or 
surplus manufacturing capacity, the lowest 
economical prices which can be quoted for 
certain products in order that the highest 
contribution to fixed overhead expense may 
be achieved. This involves the calculation of 
what is now commonly referred to as the 
‘break-even point’ of a business by relating 
the gross margin percentage of sales to the 
amount of fixed overhead expense.” 


Relationship to Historical Accounting 


Cost accounting does not supersede historical 
accounting. Historical accounting in_ theory 
summarises the transactions with the outside world at 
the conclusion of a period and summarises the capital 
position at that point. Cost accounting provides 
management with the details and explanations of the 
internal transactions during the period. As manage- 
ment does not wish to be told one result during the 
year and a different result at the end, the two 
methods of accounting should tie in with each other 
or be capable of easy reconciliation. 

The historical accounts are still the basic accounts, 
as it is on these that capital is invested, money 
advanced and taxes are paid. 


Elements of Cost 
These can be summarised as follows :- 
Direct Expenses : 
Materials 
Labour 
Operating Expenses 


Overhead Expenses : 
Factory 
Research and Development 
Warehousing and Packing 
Selling and Distribution 
General Administration. 


The above headings cover the typical groups found 
in an engineering company and the main principles of 
costing are in their division into two main headings, 
direct and overhead expenses. 

Expenses are not all incurred in the same manner ; 
some vary with production and others tend to be 
fixed and would go on even if production was 
reduced. The ascertainment of what are direct 
expenses and what are overhead expenses is one of the 
first essential tasks in introducing a costing system. 
In practice it will be found that the majority of 
expenses are quite obviously either direct expenses or 
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overhead expenses. On the other hand, there ar¢ 
expenses that are difficult to say whether they are 
direct or overhead expenses. However, no expenses 
should be classified as direct if there is a strong 
doubt about it. If we take the manufacture of an 
ordinary lead pencil, the example of the elements 
of cost would be :- 


Direct Materials : 


The wood that forms the pencil, the lead, 
and the paint. 


Direct Labour : 
The wages of those actually working on the 
pencil. 


Operating Expense : 
Workers’ compensation assurance based on 
the direct wages. 
Electric power if the machines are fitted 
with the necessary instruments to record 
consumption. 


Overhead Expense : 
Foreman’s wages 
Depreciation 
Rent 
Administration costs 
Idle time and spoilt work. 


Some of you may wonder why it is necessary to go 
to the trouble of this division, as these are all expenses 
that make up the final cost. As mentioned previously, 
this final cost is not of ultimate importance, as it is 
more important to management to know what are the 
effects of changes in volume of production. For 
instance, if the overheads of a business were £2,000 
a week and the direct expense to produce 1,000 
articles in a week was £3,000, then the total cost per 
article is said to be £5. If the production has been 
2,000 articles per week and the direct expense doubled 
— 2,000 articles would cost £6,000 but, on the other 
hand, the overhead would still presumably be £2,000 
with the resulting price of £4 per article. Increased 
and more efficient production could cause reduction 
of the incidence of overheads by the elimination of 
idle time and spoilt work. Admittedly, the amount 
saved on idle time and spoilt work would become 
direct expenses, but the gain would be in extra goods 
produced at less indirect cost. 


Direct Expenses 


The allocation of direct expenses to production is a 
straightforward accounting matter where management 
provides good records, good control of stores and good 
supervision. The size of the costing staff required 
to record this allocation will, of course, depend on the 
volume of work and the time in which the data is 
required. Accountants quite often feel that some 
engineers have little understanding of the clerical 
effort required to do this work, and perhaps the 
accountant is to blame for not making clear to the 
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engineer details of the various accounting operations. 
Manageinent must realise that if speedy and accurate 
weekly costs are required, the cost of costing staff will 
he more than the cost of staff producing the same 
result on, say, a monthly or a quarterly basis. 


Overhead Expenses 


The subject of overhead expense and its allocation 
io production is highly contentious and is the main 
factor preventing the establishment of the mythical 
one and only true cost. 

The term “overheads” covers all expenses that 
cannot be directly attributed to production. The 
foreman, for instance, is directly concerned witii 
production but he does not usually make a particular 
article ; instead, he supervises those who are directly 
making it. In fact, the articles could still be made 
if he was elsewhere in the factory — for better or 
for worse. 

The importance of fully understanding overheads 
was not realised in the early stages of industrial 
development. The manufacturers at the time thought 
that they were just expenses that had to be added 
to all the other costs to arrive at a selling price. 

With the development of the huge railroad 
companies in America, it was realised that certain 
expenses did not keep on increasing in relation to the 
freight carried. In fact, under normal conditions 
overheads were a fixed charge and a point was 
reached when the cost of carrying extra freight was 
mainly the cost of the coal and water consumed and 
the wages of the train crews. This realisation was 
followed by price cutting for competitive reasons. 


Effect of Overheads on Price Structure 


In order that management may efficiently cope 
with boom periods, strong competition, and 
depressions, it is essential that it should understand 
the effect of overheads on its price structure. There 
are cases where companies have lost a great deal of 
business by the blind application of full overhead rates 
to direct costs when tendering for a job. On the 
other hand, a company that has an accurate know- 
ledge of the direct costs of the jobs in hand, their 
sale prices and the amount of the overheads to be met, 
is in a position to vary its price to be tendered without 
incurring a loss. 

At present, in cost accounting there is an insistence 
on the need to allocate overhead expense to produc- 
tion. Whilst there is no argument in making this 
allocation, say, in price calculations, there is a strong 
feeling from a minority that the actual allocation by 
entries through the costing books is not really helpful, 
and that applying the entire costs of an establishment 
to every product made tends to put too much 
emphasis on that final debatable figure, total cost. 

We have seen that direct expense applies directly 
to production and so will vary with the volume of 
production. We have also discussed the fact that 
overhead expense does not necessarily vary with pro- 
duction, but varies as a rule with time or to meet some 


need such as repairs and maintenance. For instance, 
rent of a factory is so much a week irrespective of 
whether the factory is working at full or quarter 
capacity. Now, in costing, we know the amount of 
direct expense as it is allocated to production does not 
have to be estimated. Whilst overhead expense can 
also be known with reasonable accuracy, it does not 
vary with production and so is difficult to apply to 
the direct cost except on some arbitrary basis. You 
will recall the example of a weekly overhead of 
£2,000 on a weekly production of 1,000 articles was 
£2 per article, but if 2,000 articles had been produced 
that same overhead would have been £1 per article. 
In the first instance, if the overhead had been 
allocated at the rate of £2 per article it would have 
exactly absorbed the overhead. If that £2 rate was 
applied to the production of 2,000 articles it would 
have absorbed £4,000—an over-absorption of £2,000. 
These figures, of course, exaggerate the position and 
generally overheads are allocated on other bases that 
allow a more correct amount to be absorbed ; 
nevertheless, the principle is the same. Allocating 
an expense that varies with time to one that varies 
with volume is bound to lead to an over- or under- 
absorption in a given period. To reconcile the 
costing books with the historical books of account, it 
is necessary to adjust this over- or under-absorption 
of overhead. However, this adjustment does not get 
away from the fact that the total cost of an article 
as disclosed by the cost accounts is really incorrect 
as a result of the over- or under-absorption of over- 
heads. 

More costing systems actually absorb the overheads 
through the costing records, so spreading this expense 
over all departments or products. The final cost 
statements for management show a total cost of a 
product with its share of the overhead allocated. 
There is a fault here that, by doing this, management 
although receiving a valuable piece of information 
is given no alternatives. Management may want to 
know what would happen, say, if the sale price was 
reduced and production increased or what would 
happen if they stopped making a component and, 
instead, bought it from an outside source. Although 
the type of system being discussed can give 
alternatives in the form of supporting schedules, such 
alternatives mean extra work and do not form part 
of the routine of absorption cost accounting. 


Direct Costing 


An alternative approach to cost accounting is direct 
costing, or as it is known in the United Kingdom, 
marginal costing. This method makes no attempt to 
allocate overheads and so leaves the main elements 
of cost apart for management to view and apply in 
accordance with the particular problem to be faced. 

In introducing the subject of direct costing, it is 
pointed out that this particular method is little known 
in Australia and the subject of controversy in America 
and to a certain extent in the United Kingdom. 
It has antagonised certain authorities on cost account- 
ing, perhaps because it was introduced as the cure-a!! 
of all costing problems. Companies using the 
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absorption method (where overheads are allocated to 
products) may have found that that system was 
quite adequate. Direct costing may be of no interest 
to such companies; however, there are some who are 
not satisfied with the practical application of the 
absorption method, feeling that it is based on some- 
thing inherently wrong and concentrates too much 
on achieving a figure of total cost. It is unfortunate 
in this country where direct costing is little known 
that it should be so roundly condemned by people 
who, perhaps, may not have studied it. 


This is not a method thought up overnight, but one 
that has been used in a number of American com- 
panies for some years. It was given prominence in 
1936 by Mr. Jonathan N. Harris, of the Dewey and 
Almy Chemical Company, and the method has had 
steadily increasing support since that date. It is a 
method that engineers should know something about, 
as accountants are not the sole judges of whether it 
should be introduced into industry or not. 

A costing system should have elasticity and be cap- 
able of fulfilling the purposes already enumerated. 
It should be capable of coping with all types of con- 
ditions. Where goods are in short supply, costing 
loses a lot of its importance and for that reason the 
post-War period has perhaps taught us bad costing 
habits. 


Variable Costs 


Direct costing charges to production all costs relat- 
ing directly to production. They are called variable 
costs and include all materials, labour and expense 
that vary with production. This is no great departure 
from the absorption method just discussed. The cost 
arrived at after charging these direct costs of pro- 
duction is called the ‘ Direct Cost of Production’ and 
the actual allocation of expense under direct costing 
stops at this point. The method uses the argument 
that to go on would be to become theoretical and 
would tend to confuse. The difference between the 
direct costs and the sale price is termed the ‘ Gross 
Margin’ and the aggregation of the gross margins of 
all departments or products forms a pool of income 
to meet establishment costs termed ‘Overheads’. The 
excess of gross margin over overheads of course, 
represents the net profit. This method of presenting 
the gross margins as contributing to a pool of income 
is a departure from normal costing practice, but it 
is nevertheless an interesting approach, and to many 
of you with your particular problems it may be a 
helpful one. It quite often happens that the applica- 
tion of overheads over departments shows that a 
particular department is not pulling its weight. Under 
direct costing this department, like the other depart- 
ments, would receive no allocation of overhead, but 
instead the management could see how much gross 
margin of income it contributed to the pool to meet 
the overhead expenses, and whether the loss of this 
gross margin by closing down a department would 
really be an advantage to the business, remembering 
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that the remaining departments must carry the 
additional burden. 

Over the generations we have become used to the 
present one price method of selling. By that is meant 
the present method of setting the price of a product 
and a buyer taking it or leaving it at that price 
without question. Trade was once carried on by 
the trader displaying his goods unpriced and the pro- 
spective buyer making an offer for them. The actual 
sale price was finally arrived at through a process 
of haggling. The same type of goods were no doubt 
sold a moment later to another buyer at a higher 
sale price. The successful seller under these con- 
ditions had to know what the goods cost him and 
what daily expenses he had to meet to live. From 
his previous sales that day, he knew whether these 
expenses were covered or not by the previous gross 
margins. If his expenses had been well covered by 
the gross margins from previous sales, he knew that 
his bottom sale price was the actual cost to him of 
the article — the direct cost, and that any price above 
that was profitable to him. In other words, he was 
instinctively operating on a margin with regard to sale 
price. To-day in Western countries trading is more 
standardised and tendering for jobs is not called 
haggling. Quite often one hears that the sale price 
is fixed by competition, but strictly this statement is 
not correct. There are other factors determining sale 
price such as quality, servicing, and the desire by the 
manufacturer to keep a certain section of his plant 
operating. Prices are often kept at a certain level for 
fear of starting a price war with its resulting discom- 
fort to all concerned. 

In absorption costing a total cost price is arrived 
at and a margin for profit added with the result that 
a sale price is ascertained. If this sale price is too 
high and it is necessary to sell below it, the feeling is 
that a loss will be made and often as a result the sale 
is not made. Such a rigid approach to a sale price is 
wrong when it can be seen that it is better to sell 
below total cost than not to make a sale at all. In 
direct costing you know that as long as the sale price 
is above the direct cost, the sale of the product is con- 
tributing towards the cost of the overheads. This 
is not at first apparent under the absorption method. 
We will discuss later the method of arriving at a price 
but, of course, it stands to reason that if a company 
can only just meet its overhead expenses it will not 
make a profit. 

Standard costing by continuously comparing actual 
costs with predetermined standards of cost, discloses 
any variation from standard and when direct costing 
is used in conjunction with the principles of standard 
costing, management is provided with a good system 
of control. The disclosure of variations between 
standard and actual costs is a valuable weapon against 
inefficient production. The selection of the standard, 
of course, is important because if it is based on 
inefficient production it will be of little help to man- 
agement. 


To illustrate the various aspects discussed let us 
consider the examples shown in the following pages. 
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THE EFFECT 


EXAMPLE ‘‘A”’ 








Volume of Production in Units 





Direct Expense 





Direct Materials Labour and 
Operating Expense 


Overhead Expense 
Fixed 


Semi Variable 





Details of Cost per Unit 





Direct Expenses 
Overhead Expense 
Fixed 


Semi Variable 


























OF VOLUME ON OVERHEAD COST PER UNIT 

10,000 20,000 30,000 40,000 100,000 

£ f £ £ £ 
30,000 60,000 90,000 120,000 400,000 
4,000 4,000 4,000 4,000 6,000 
800 900 1,100 1,200 1,400 
£34,800 £64,900 £95,100 £125,200 £407,400 
Shillings Shillings Shillings Shillings Shillings 

60 60 60 60 80 

8 4 2°7 2 1-2 

16 ‘9 “4 6 3 
69:6 649 63:4 62°6 815 


** Example * A’ * — The Effect of Volume on 


Overheads 


This illustrates the effect of volume on overhead 
cost per unit. In this simple illustration it can be 
seen that as production increases, so the overhead 
cost is reduced, but a point can be reached where 
the cost per unit ceases to reduce and in fact in- 
creases. In the example a production of 100,000 
units increases the overtime penalty rates and other 
increases affecting direct expense. This may occur 
when a company produces beyond its capacity 
and is required perhaps to have certain parts made 
outside. These principles are no doubt understood 
by senior engineers, but reference to them should be 
of interest to those with less experience. 
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EXAMPLE “B”’ 





DIRECT COSTING FINANCIAL STATEMENT 

















TOTAL DEPARTMENT “A” DEPARTMENT “BB” 
Net Sales 40,000 30.000 10,000 
Direct Cost of Goods Sold 
Material 9,000 8,000 1,000 
Labour 7.700 4.700 3.000 
Expense Variable 
Power 4,000 2,300 1,700 
Lubricants 100 50 , 50 
Sundry Suppliers 500 400 100 
Workers’ Compensation 
Insurance 700 550 150 
——— 65,300 —— 3,300 2,000 
—— 22,000 — 16,000 _—— 6,000 
Gross Margin 18,000 14.000 4,000 
45%* 47%* 40% * 
234° + 298%, + 133%+ 
Overhead Expenses 
Salaries 9,800 
Accountancy Charges 200 
Bank Charges and Sundries 100 
Travelling Expenses 400 
Rent 1,000 
Postages 200 
Printing and Stationery 300 
- 12,000 
Net Margin (or Profit) £6,000 


* % to Net Sales 


+ Y% to Direct Labour 


“Example ‘B’ ”’—Gross Margin and Overhead * Example * C’ ” — Pricing (facing page) 


This statement is an illustration of the non-absorp- This statement is used for product pricing and is 
tion of overheads in direct costing. In absorption based on one used in America. Being a summary 
costing the overhead £12,000 would be spread over it needs to be supported by schedules clearly setting 
departments “A” and “B” on some predeter- out the bases of all calculations. If an engineering 
mined basis. In direct costing the main elements company was deciding to manufacture a machine 
of cost are left apart, to enable management to tool, the first task would concern the engineer - 
calculate alternatives. It is to be noted that in this that is, the details of design and its break-down 
exainple the percentages of gross margins to sales for manufacture. The engineer would supply the 
and direct labour are shown. This type of informa- cost accountant with the details of materials re- 
tion in the form of a continuing statistical record quired, labour involved and special material 
is of assistance when calculating prices and esti- handling costs and other manufacturing expenses to 
mating gross margins. The opponents of direct be incurred. The cost accountant would cost out 
costing often do not realise that management, in the standard cost to manufacture at standard rates 
reaching a price decision, will often apply a portion (assuming that standards are being used). Resulting 
of overhead to a product and this is done in the details are entered on the top of this form. The 
form of a calculation and not through the books, space on the form for variation applies to any 


as the one and only approach to a cost. deviations from standard that are known at this 
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‘B” 














SUMMARY OF COST ESTIMATES EXAMPLE “C” 
ene eee eames 
ee We. i , SELL ee Scala DATE if if 
Direct Manufacturing 
Labour Expense 
Description etc. Material Hours Amount (incl. Handling) Total 





Standard Direct Cost to 
Manufacture as per at- 
tached Schedule 


Variations 
Material 


Labour 


Direct Manufacturing 
Expenses 





Estimated Direct Cost to 
Manufacture 




















Yet Direct Selling Costs 











Advertising 





Commission 
Total 








Other Variable 
Costs 





Shipping 
full details 


Total 











Total Direct Costs 











Overhead Expense Applied (Details of how applied) 



































Manufacturing 
Selling 
General 
) 
. Total Overhead Expense Applied 
\ 
: Total Cost 
‘ Gross Margin Calculation Total Cost 
: Selling Price Selling Price 
, Total Direct Cost 
- Gross Margin to Cover 
| Overhead Expense and —___ ————- 
: Profit % Profit % 
| onnsiimatinctions 














Based on Example contained on Page 1096 of National Association of Cost Accountants (New York) Bulletin 
April, 1953 Section 3. 
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stage. One could, of course, combine these two 
stages into one and calculate the estimated direct 
cost to manufacture but if one is using the stan- 
dards, it is clearer to work in standard cost and 
make the adjustments for variations separately. 
The application of the variation to the standard 
direct cost to manufacture arrives at the estimated 
direct cost to manufacture and to this is added 
direct selling costs and other variable costs. It is 
important to see that this example sub-divides the 
direct costs into manufacturing and_ handling 
expense, selling expenses, and other variable ex- 
penses. This sub-division would be of interest to 
management and better than incorporating them 
all under the one heading of direct expense. The 
remainder of the pricing form explains itself. To 
the total of the direct costs is applied the overhead 
expense, arriving at a total cost with selling price 
calculations. Here again, we see that for the pur- 
pose of pricing, overhead is again applied to the 
product solely for the purpose of assisting in arriv- 
ing at a selling price. The gross margin calcula- 
tions are recorded with the gross margins of work 
already being undertaken by the company, and 
this enables management to view the anticipated 
gross margin in relation to the company’s over- 
head expense and profit requirement. 


** Example * D’ * — Profit Report 

This is an example of a brief monthly report 
that can be quickly extracted as soon as the figure 
for sales has been recorded. The gross margins are, 
of course, arrived at by deducting the direct cost of 
goods sold from the sales. It may be necessary to 
estimate the current month’s figures as this type 
of report should be produced quickly; with a good 
system of costing such estimates can be made to 
close limits. 


Valuation of Finished Stock on Hand and Work 
in Progress 

Before we close on direct costing, we must consider 
an unportant point that arises in this method — the 
valuation of finished stock and work in progress. 

A number of companies include in these values « 
proportion of overheads. Direct costing, as it does not 
absorb overheads, only values finished stock at its 
direct cost value and work in progress at its direct 
cost value to date. 

The supporters of direct costing argue that it is 
unwise to carry forward a proportion of the over- 
heads into the next year or period by adding it to 
the value of the inventory. They claim that the 
overhead was incurred in a particular period and 
applies to that period only and should be met out of 


EXAMPLE “D” 








PROFIT REPORT FOR THE MONTH OF... 


Month 


This 
Month* 


Last 
Month 


Last 
Year 


Manufactured 


Bought for Resale 


Special Order 


Total 
Manufactured 
Bought for Resale 
Special Order 

Total 
Overheads 
Net before Taxes 
Tax Provision 


Net Profit 


Year to Date Month Year to Date 


This* | Last | Last 
Month] Ycar| Month 


Last 


Thi Year | Year 
us 
Year* 


Last 


Year of Total Sales 


°% to Sales 





*Estimated—(All Year to Date Estimates are actual to First of Month plus Estimates for the Month) Based on example 
contained on Page 1104 of National Association of Cost Accountants (New York) Booklet dated April, 1953 Section 3. 
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the income of that period. This argument is, of 
course, supported by a number of Australian com- 
panies not concerned with direct costing. 


Advantages and Disadvantages of Direct Costing 

The National Association of Cost Accountants 
(New York) to whom we are indebted for much of 
the practical details of direct costing, published on 
pages 1127 and 1128 of its booklet on Direct Costing 
(April, 1953 Section 3) some of the advantages and 
disadvantages of the method and they are as follows :- 


**Advantages of Direct Costing 

1. Cost-volume-profit relationship data wanted for 
profit purposes is readily obtained from the 
regular accounting statements. Hence manage- 
ment does not have to work with two separate 
sets of data to relate one to the other. 

2. The profit for a period is not affected by 
changes in absorption of fixed expenses result- 
ing from building or reducing inventory. Other 
things remaining equal (e.g. selling prices, 
costs, sales mix) profits move in the same direc- 
tion as sales when direct costing is in use. 

3. Manufacturing cost and income statements in 
the direct cost form follow management’s think- 
ing more closely than does the absorption cost 
form for these statements. For this reason, 
Inanagement finds it easier to understand and 
to use direct cost reports. 

4. The impact of fixed costs on profits is empha- 
sized because the total amount of such cost for 
the period appears in the income statement. 

5. Marginal income figures facilitate relative 
appraisal of products, territories, classes of 
customers, and other segments of the business 
without having the results obscured by allocation 
of joint fixed costs. 

6. Direct costing ties in with such effective plans 
for cost control as standard costs and flexible 
budgets. In fact, the flexible budget is an aspect 
of direct costing and many companies thus use 
direct costing methods for this purpose without 
recognising them as such, 

7. Direct cost constitutes a concept of inventory 
cost which corresponds closely with the current 
out-of-pocket expenditure necessary to manu- 
facture the goods. 


** Disadvantages of Direct Costing 

1. Difficulty may be encountered in distinguishing 
the fixed costs. In particular, certain semi- 
variable costs may fall in a borderline area and 
more or less arbitrary classification may be con- 
sidered necessary in order to arrive at a practi- 
cal determination of fixed and_ variable 
components. 

2. Complete manufacturing cost is not determined 
in the process of costing production and supple- 
mentary allocation of fixed overhead on normal 
or some other volume base must be made to 
provide product costs for long-range pricing 
and other long-range policy decisions. 


3. Serious income tax problems may be encountered 
if a change is made from full cost to variable 
cost for costing inventory and definite rulings 
are not available for guidance. 

4. Some accountants question the acceptability of 
direct cost as a basis for costing inventory in 
financial statements prepared for stockholders 
and the public at large. However, extensive 
interest in direct costing has arisen very recently 
and opinion with respect to this question has 
not crystallised at the present time. 

Companies interviewed in the course of this study 
feel that most of the above disadvantages can be 
overcome or are less important than the advantages 
which they obtain from direct costing. Income tax 
problems which arise at the time of changing from 
absorption costing to direct costing seem to be the 
most serious obstacle to wider use of direct costing. 
By confining the application of direct costing to in- 
ternal reports, income tax questions can, of course, 
be avoided and a majority of the companies inter- 
viewed have followed this course.” 

A company making a similar type of product from 
year to year with steady production may find the 
absorption system of costing the most useful. So also 
may a company doing vehicles or making machinery 
parts in single units. It might be easier for these 
companies to establish an overhead rate to be applied 
to work undertaken. This rate-would have to be re- 
viewed from time to time as overhead varied. 

Quite often small types of engineéring work can be 
grouped under one department and this department 
costed as one unit. 


Costing — Conclusion 

Costing is not a series of rules which when intro- 
duced into a business at once have an effect. The 
main principles of costing have become established 
and the contentious points clearly defined. Ineffec- 
tive costing systems are often the result of a faulty 
initial appreciation of the work to be done and the 
questions to be answered. Costing systems continually 
need adjustment and modification and for that reason 
a company’s accountant must have ability, imagina- 
tion, co-operation and the time to watch the system. 
If he is immersed in the daily routine of costing his 
value is reduced. 

There are many aspects of costing that have not 
been discussed to-night but time and anticipated 
impatience of my audience has restricted the ground 
covered. 


Conclusion 
To sum up, we have covered to-night capital 
erosion and the problem of inflation with its wearing 
away of the earning value of capital. We have con- 
sidered internal control and its method of tightening 
up an organisation to provide cross-checking to guard 
against mistakes, fraud, and the failure to adhere to 
instructions. Finally we have examined costing, the 
behaviour of overheads and the new approach to 
direct costing. These are all matters that concern our 
two professions. 
(concluded on page 769) 
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SUBJECT as wide as that given to the Authors, It is well, at the very outset, to define terms of 
even though limited to organic finishes, L.e., reference and these have been interpreted as :- 
broadly speaking paints, varnishes and lacquers as (a) the preparation of the base metal or 

distinct from inorganic finishing, covering, plating and pretreatment ; 
allied techniques, can only be dealt with in very (b) types of finishing materials commonly 
general terms in the time available. employed ; , 
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(c) methods of application ; 

(d) drying of the applied coatings ; 

(e) description of types of plant available. 

It has been assumed throughout that metallic bases 
are to be considered. 


Pretreatment 


It is now realised that in order to obtain a good 
final result, considerable attention has to be paid 
to the preparation of the base metal which is to 
receive the protective or decorative coating. Failure 
to recognise this fundamental necessity has probably 
resulted in more trouble in the paint shop than any 
other cause. 

In the course of manufacture almost every article 
accumulates to a greater or lesser degree, scale, dirt, 
oil, finger marks, etc., all of which can affect the final 
finish. Clean surfaces may broadly be classified under 
three main headings :- 


A. generally clean ; 
B. grease-free ; 
C. chemically clean. 

By “generally clean” it is understood that a 
portion of the dirt has been removed, but that traces 
of contamination are in all probability still remaining. 
Such cleaning may be produced by mechanical means 
and also by certain chemical methods, such as 
pickling. 

‘* Grease-free ” is understood to mean a completely 
oil and grease-free surface, generally produced by an 
efficient solvent degreasing treatment, but which in all 
probability presents a surface still retaining traces of 
scale and surface oxides. 

“Chemically clean” infers a base metal from 
which all surface contamination such as oil, dirt, 
scale, etc., has been removed, leaving the base materia] 
exposed. ‘‘ Chemically clean ” surfaces are, as will be 
realised, the most difficult to prepare and are usually 
attained by suitable treatment in chemical solutions, 
compositions varying with the metal and its previous 
treatments. 

The necessity or otherwise for pretreatment, and 
the sequence of processes prior to the application of 
the surface coating, must receive very serious con- 
sideration to ensure not only the durability of the 
final coating, but also that the process shall be the 
most economical. 

When a surface in the finished state is to be left 
bright and clean, then a “ generally clean” surface 
will suffice. For coatings which require a good 
adhesion to the base metal, such as paints and 
varnishes, then not only is a “generally clean” surface 
but also a “grease-free” surface required. For surface 
coatings requiring a physio-chemical bond, .e., 
electro-plated metal, then a “chemically clean” 
surface is essential. 

Mechanical methods of cleaning to give a 
“generally clean” surface are so well known that 
it is not proposed to do more than briefly mention 
some of these. Mechanical cleaning may be 
accomplished by grinding, wire brushing, sand or 
shot blasting, steam or flame jet tumbling, polishing 


ss 


and buffing. In addition, hand wiping with solvent 
or thinners may also be used, 

Grinding, wire brushing, sand and shot blasting 
and tumbling whilst removing surface impurities also 
remove the protective oxide film leaving the base 
metal very susceptible to surface corrosion, unless a 
following treatment is almost immediately given. Also, 
of course, by virtue of the very nature of the process, 
traces of dust etc., are almost certain to remain on 
the work-piece. 

Flame or steam jet treatment is generally confined 
to structural steelwork and is used primarily to remove 
mill scale, the removal being accomplished in part by 
blowing off the impurity and in part due to expansion 
stresses. 

Polishing and buffing are used to give a final surface 
finish and in consequence are outside the scope of 
this Paper. 

In the course of the manufacture of metallic parts, 
almost certainly during the course of processing, 
contamination of the surface with scale and grease, 
in addition to other foreign matter, will take place. 
The scale or oxide layer, which is produced from 
the metal itself, is, of course, in intimate contact 
with the metal, whilst the grease generally will be on 
the surface only. It follows, therefore, that such 
metallic articles must be freed of the grease prior to 
processes for removing other surface contamination, 
if surfaces in a state to receive the final protective 
coating are to be prepared. 

Greases may be classified under five general 
headings :- 

1. mineral oils, such as petroleum type lubricants 

(non-saponifiable) ; 


2. vegetable and animal oils and fats 
(saponifiable) ; 

3. sulphonated or sulphurous oils ; 

4. chlorinated oils ; 

5. mixtures of any of the above. 


Non-saponifiable oils are most easily removed by 
organic solvent degreasing ; generally they will not 
dissolve out in chemical solution degreasers, although 
they may to some extent be removed by emulsifica- 
tion. On the other hand, saponifiable oils may be 
broken down and dissolved by emulsification, but 
generally are not so readily removed by the usual 
organic solvent degreasing methods. 


Liquid Organic Solvent Degreasers 

For removing heavy deposits of oil and grease on 
work, a common method is to immerse the parts in 
organic solvents, such as petroleum, benzine, white 
spirit, etc., which are very efficient but which suffer 
from the serious disadvantage of being highly 
inflammable and, of course, constitute a fire risk. 
Furthermore, on parts of intricate shape there is a 
danger of the degreasing medium being carried out 
with the work, giving rise to trouble on following 
processes, 

For this reason, non-inflammable chlorinated 
hydro-carbons such as trichlorethylene or _ per- 
chlorethylene have many advantages and can, of 
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course, be used warm if adequate precautions are 
taken. It cannot be stressed too strongly that in any 
process involving organic solvents great regard must 
be paid to the toxicity of such compounds, 
particularly when using chlorinated hydro-carbons of 
the trichlorethylene type which, when heated above 
the recommended heating limit, form corrosive 


hydrochloric acid. Further, with these compounds 
a stabiliser is incorporated in the solvent itself to 
eliminate the possibility of corrosion in the container. 

The majority of the trouble which can arise with 
organic solvent degreasers in liquid form due to carry- 
over, etc., can be almost completely overcome if 
vapour degreasing is used. This process gives extreme 
flexibility and not only can it be used for all metals, 
but with certain limitations for almost all sizes and 
shape of component. 

The system comprises a tank which contains a 
comparatively small quantity of the degreasing solvent 
in the bottom, means being provided for heating the 
solvent, in order to create the vapour. Around the 
sides in the upper part of the tank and above the 
top work level are provided condensing coils, generally 
utilising cold water, a further tank length being 
allowed above the condensing coils as freeboard. On 
applying heat to the solvent, vapour will be formed 
which will rise and fill the space between the liquid 
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Fig. 1. Sectional diagram 
of a typical trichlorethylene 
plant. 





level and the condensing coils, the solvent condensing 
and falling back into the solvent section of the bath 
on reaching these condensing coils. 

A sectional diagram of a typical trichlorethylene 
plant is shown in Fig. 1. 

The scheme of operation normally employed with 
batch loading plants is to have some form of hanging 
jig from which the work to be degreased is suspended 
or a basket into which the work is placed, and is 
lowered into the degreasing bath. As the cold work 
enters the vapour chamber, a proportion of the solvent 
condenses on the component and washes off the grease. 
At the same time, the parts being processed are 
warmed so that on withdrawing from the bath no 
solvent is left, the work-pieces remaining clean and 
dry. 

The great advantages over organic degreasers of 
the petroleum type are that the solvents normally 
employed, that is trichlorethylene and perchlorethy- 
lene, have a low surface tension which allows 
penetration into parts of intricate form with good 
wetting of the surfaces, and a low’ specific heat and 
latent heat of vaporisation, giving low heat inputs 
and quick condensation, high vapour density, in the 
case of trichlorethylene approximately 44 times that 
of air and, in the case of _perchlorethylene, 
approximately 6 times that of air. 
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The efficiency of cleaning depends chiefly on the 
difference of temperature between the work-piece and 
the solvent vapour; the lower the work-piece 
temperature the greater the condensation, and 
therefore the greater amount of surface cleaning and 
grease removal, this continuing so long as the work- 
piece remains in the vapour zone, but diminishing as 
the work-piece temperature approaches that of the 
vapour. The chief limitation to the use of this form 
of degreasing is that intricately shaped pieces may 
trap some of the solvent vapour which is not 
condensed out back into the container, but is carried 
away when the work-piece is removed from the tank. 
Also, with light gauge material, the material itself 
very quickly reaches the temperature of the vapour 
and, therefore, condensation does not occur. Under 
such conditions perchlorethylene may be preferable 
because of its higher boiling point, this being 
approximately 250°F. 

Furthermore, unless a very ready flow of condensate 
over the work-piece is obtained, dirt and such 
contamination will not be removed, This difficulty 
has now been overcome by the use of a jetting system 
as part of vapour degreasing equipment, a small 
pump being coupled to the solvent section, pumping 
through a flexible pipe with hand controlled and 
operated nozzle directed at the work, the solvent 
falling back into the suction area. 

In some plants a combined liquid/vapour plant is 
utilised, the first section being liquid in which the 
work-piece is immersed, with the following vapour 
section to finish off the cleaning and to remove 
traces of the solvent (Fig. 2). 





Fig. 2. Sectional view 
of a liquor/ vapour batch 
type unit. 








In place of organic solvent degreasing methods, it 
is sometimes preferable to use emulsion type cleaners 
or alkali cleaners. 

Emulsion cleaners are normally based on petroleum 
or coal tar solvents with an emulsifier, so that 
emulsion is formed with water. These are used 
either for tank type dip treatments or for spray 
cleaning. Also, particularly with spray type plants, 
paraffin in an aqueous alkaline solution is also widely 
used. Whilst emulsion cleaners are perfectly suitable 
for generally clean and “ grease-free ” conditions, if a 
“chemically clean” surface is required then it is 
necessary to foliow emulsion cleaning with alkali 
degreasing or vapour degreasing. 

Normally emulsion cleaners work at water 
temperature without the application of heat, though 
in some cases accelerated conditions can be obtained 
by the use of heated tanks. 

Alkali cleaning mediums usually have a basis of 
caustic potash and soda ash with the addition of 
such materials as sodium phosphates, silicates, borax, 
organic phosphates, organic emulsifiers and synthetic 
wetting agents. The mechanism of operation of these 
solutions is by the saponification of vegetable oils and 
greases, and the emulsification of these and mineral 
oils. Wetting agents are included in order to ensure 
that the whole of the surface area of the work-piece 
is completely wet, to remove surface contamination 
and to provide a film-free surface. 

It is quite customary on batch type plants to 
employ both solvent vapour degreasing and also 
emulsion cleaning and alkali cleaning. Generally, 
where continuous plants are worked, unless very 
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heavy grease and oil deposits are present, emulsion 
or alkali solutions are used. Two cleaning stages are 
generally employed, the second tank being used for 
finish treatment. 

It is, of course, necessary to have following rinses 
after either emulsion or alkaline degreasing tanks, 
the first tank being of the cold type with free running 
water in order to prevent build up of alkalinity, the 
second tank being generally a warm tank. 

Whilst for the majority of work which is formed of 
sheet steel mill scale does not present a problem to 
final finishing, where mill scale is present or heavy 
rusting, then it is essential that this be removed ; the 
normal method employed is to use some form oi 
pickle. This can be of the sulphuric or hydrochloric 
type, sulphuric pickling generally being carried out 
at elevated temperature, whereas for hydrochloric 
pickling this is normally carried out without the 
application of heat. As an alternative to these two 
methods, phosphoric acid pickling is quite widely used 
for the removal of mill scale and/or rust, though 
slower and more expensive than sulphuric or hydro- 
chloric pickling. It has, however, the great advantage 
that under certain conditions orthophosphoric acid 
will react with the iron and iron compounds to 
produce on the metal surface a film of water-insoluble 
iron phosphate, which to a degree can give protection 
against rust, (i.e., the susceptibility of rusting of 
freshly pickled surfaces from sulphuric or hydro- 
chloric acid baths) as well as providing a more 
satisfactory base for subsequent coating. 


Phosphating 
The necessity for the preparation of metallic 
surfaces before the application of the coating material 
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is now widely appreciated, and for this reason 
phosphate coatings are increasingly employed. Holden 
has said that when a clean surface of an iron, steel, 
zinc, or cadmium base is treated with solution con- 
sisting of a heavy metal primary phosphate, (zinc, 
manganese, iron or mixtures of these), some free 
phosphoric acid, and in many cases an accelerator or 
accelerators, it is converted into a layer of crystalline 
water-insoluble metal phosphates, which is integral 
with and tightly adherent to the basis metal. 


Whilst phosphate coatings in the past have been 
almost exclusively used for their corrosion protective 
properties, they are now finding increasing application 
for assisting the cold working of metals, and as aids 
to lubrication. Thus phosphate treatment converts 
metallic surfaces into a non-metallic phosphate 
coating of proper texture adapted to inhibiting 
corrosion and increasing the adhesion and durability 
of the final finish applied. This increase in durability 
is chiefly due to the ensuring of a “ generally clean 
grease-free” surface, the provision of a _ non- 
conducting bond between the base metal and the 
coating material. Further, it is claimed that 
phosphating has the property of retarding the ageing 
of the organic finish. 

Whilst brush and spray methods of phosphating 
are in use the most generally utilised methods of 
application are the dip method, using static tanks, 
and the spray method. 

It has been stated that hot spray alkali cleaning 
followed by hot spray phosphating will usually 
produce a smoother, more finely crystalline coating 
than hot immersion alkali cleaning followed by hot 
immersion phosphate, though, of course, as has been 


Fig. 3. Batch type unit 
operated by means of an 
overhead electric hoist 


block. 
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pointed out above, both methods are very widely 
used industrially with complete satisfaction. 

When used as a pretreatment for painting, with 
immersion type equipment, immersion times of from 
one to five minutes, depending on the type of solution 
being used and the temperature of operation, are 
employed, the operating temperature of the tank 
depending on the type of solution to be used, being 
generally between 130° - 175°F. 

With the jet method phosphate treatment times are 
reduced to one minute or less. Fig. 3 illustrates a 
batch type unit operated by means of an overhead 
electric hoist block. 


Cold Phosphating Solutions 


In Germany, during the War years and due 
chiefly to the shortage of fuel, cold phosphating 
solutions were used. These are, however, very 
dependent upon the efficiency of the cleaning opera- 
tion prior to phosphating, and as they operate at 
high strength the drag-out loss substantially reduces 
any economy effected due to lower fuel costs. 

Modern phosphating solutions prepared by the 
addition of water to a concentrated chemical in 
liquid or powder form consist essentially of primary 
iron, manganese, or zinc phosphate, or mixtures of 
these, together with some free phosphoric acid, and 
where short treatment times are required, accelerators 
such as nitrates, nitrites, chlorates, certain heavy metal 
ions, and organic compounds are added. 

On immersion plants used for paint bonding, as a 
general rule coating weights are from 250-750 mg. 
per square foot, the phosphate treatment times 
varying from one to five minutes. 


Lightweight Coatings 


Within the last two to three years, so-called non- 
coating or lightweight coating types of process have 
been introduced, giving coating weights of from 
50-100 mg. per square foot, produced either in 
immersion or spray type plant, Such treatments are 
always used as a basis for painting. 

Whilst present experience tends to show that when 
the greatest protection is required orthodox phosphate 
coatings should be employed, lightweight coatings are 
finding a very definite place in the pretreatment field. 
The solutions have no rust-removing properties and 
can only be used on bright surfaces. They possess 
some detergent qualities and can be used as a 
combined cleaning/coating solution. 

When this type of process is used by immersion, 
great care must be taken of the cleaning, and in some 
cases it may be necessary to include alkali or emulsion 
cleaning followed by water rinsing, before the 
phosphate treatment. 

After phosphate treatment it is usually necessary 
to provide two rinses, the first rinse being a cold one 
with constant pre-set overflow to reduce contamina- 
tion in the tank, the second being a heated rinse 
with a slight addition of chromic acid, the usual 
percentage being approximately 0.02°/, to passify 
the phosphate coating. 


Paints 


The most commonly used organic coatings can be 
roughly divided into four main types :- 

1. Finishes of the oxidising type in which 
hardening occurs after evaporation of the 
solvents by the process of oxidation of the media 
in contact with air. The majority of air drying 
finishes are in this group. 

2. Finishes of the evaporative type such as 
cellulose varnishes and lacquers and more 
modern finishes based on synthetic materials, 
for example, vinyls, in which the coating 
material is carried in a solvent which hardens 
after the solvent has been evaporated, also the 
chlorinated rubber or rubber dermative type 
material. 

3. Synthetic-based materials in which chemical 
reaction is brought about in the material, 
namely, the process of polymerisation by the 
application of heat. 

4. Synthetic materials in which chemical reaction 
is brought about by the addition of acid or 
alkaline catalysts to the paint. Such products 
are nearly always two-pack materials. 

Finishes of the first type, generally classified as oil 
paints, are a combination of a solid constituent whose 
purpose is to obscure the base metal and provide 
colour, etc., with a liquid constituent to give adhesion. 
The solid constituent, which averages from 60 - 80°/ 
weight of the paint, generally consists of a blend of 
pigments to give the required colour, chemical 
stability and resistance to discoloration. The 
simplest form of constituent consists of a natural 
drying oil with dryers to regulate the drying operation 
and a volatile solvent to give the required viscosity. 
Acid refined linseed oil is the principal drying oil, 
the moderate degree of acidity facilitating the wetting 
of the pigments by the medium. 

Oil varnishes may also be included under this 
heading, being generally a combination of resins, 
drying oils and solvents. 

Many oxidising paints, of course, employ mediums 
of more complicated formulation, where the natural 
drying oil is replaced by heat treated oils and 
varnishes. 

Under finishes of the second type, the most 
commonly used are, of course, celluloses which may 
broadly be classified into three main groups. These 
are nitro-cellulose, formed by the action of a mixture 
of nitric and sulphuric acid on cotton linters; cellulose 
acetate formed by treating cotton linters with acetic 
anhydride and acetic acid in the presence of sulphuric 
acid; and ethyl cellulose manufactured from cotton 
linters or wood cellulose by the action of ethyl 
chloride. 

All cellulose materials in themselves have poor 
adhesion, are brittle when hard and have little or no 
durability and, in consequence, cellulose finishes 
incorporate resins and plasticisers whose purpose is to 
give gloss and adhesion and to improve durability. 
Resins, broadly speaking, are added im order to give 
gloss and adhesion ; plasticisers such as- butyl, 
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camphor and castor oil to give durability. Whilst 
the solvents evaporate very quickly, the ideal 
plasticiser is one which, whilst having compatibility 
with the other ingredients, is non-volatile, and is 
chemically stable and inert. 

Lacquers and varnishes are transparent viscous 
liquids, which solidify into a hard lustrous film to 
protect the surface without obscuring it. The spirit 
type varnishes also can be classified as evaporative 
type finishes and comprise solutions of resins in a 
volatile solvent. 

The so-called half-hour synthetics generally have a 
resin fortified cellulose base designed to give a thicker 
coat than can be obtained with a straight cellulose, 
and better flow, the drying period being consequently 
retarded to give these conditions. 

The polymerising or third type of finish which is 
now universally used for stoved coatings is based on 
a combination of synthetic resins. The advantage 
of these synthetic materials, as opposed to the natural 
substances which were used industrially before the 
War, is that the structure of a resin can be pre- 
determined by the paint chemist and, in consequence, 
it is then possible to manufacture an identical material 
under controlled conditions. This enables the whole 
range of paint to be applied to a given article to be 
based on the same type of synthetic material. Thus, 
the primer will have a synthetic resin vehicle plus 
pigment, the filler will have a filling powder plus its 
correct proportion of vehicle, the undercoating con- 
taining a suitable tinted pigment, the finish coat being 
compounded of the same pigment, but in a different 
ratio. 

Materials of the fourth type are in the main those 
which contain acid and alkaline catalysed urea resins 
used for wood finishing and also acid catalysed 
expoxy resins. Also in this class are the etch primer 
type materials, which are usually based on a 
polyvinyl resin suitably pigmented with zinc chromate 
and to which is added a solution of phosphoric acid. 
Finishes of this type give extremely good adhesion to 
metals, and are sometimes used in lieu of pretreatment 
processes on such metals as aluminium. 

Each type of resin has its own special advantages, 
but unfortunately its disadvantages too. 

The special advantages of the resins listed above 
may be briefly summarised as follows :- 


Phenols : Hardness allied with non- 
inflammability. 

Alkyds : Elasticity. 

Ureas : Resistance to discolouration. 


Malamine: Heat resistance. 

Vinyl : Surface adhesion. 

Epoxines: Resistance to moisture attack 
and hardness. 


Plant 

If we consider the preparation of the basis metal 
we must give first consideration to the type of plant 
which will normally be used. 

If a multitude of small parts is to be processed or 
production needs are comparatively small, then almost 
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certainly the best type of cleaning unit will be of the 
batch pattern, since the capital cost of such units is 
very considerably less than continuous units, though, 
of course, they have the disadavantage of handling 
between process tanks. 


Organic Solvent Degreasers 

Organic solvent degreasing media have been 
discussed at some length in the early part of this 
Paper, but it may be useful just quickly to cover this 
ground once more. 

Where heavy grease deposits are present and it is 
proposed to use trichlorethylene or perchlorethylene 
for grease removal, then a combined liquid vapour 
plant or vapour plant with jetting should be con- 
sidered. Such plants are available of the conveyorised 
pattern, and can be obtained in a large variety of 
forms as standard units. It must be borne in mind, 
however, that the degreasing medium is toxic and it 
is not general practice to make conveyorised organic 
solvent degreasers as part of a production conveyor 
line. Further, in order to avoid trouble which may 
arise in the paint section of the line, it is desirable 
that the degreasing unit is as remote from the point 
of application of paint as possible, since the acid 
content of the degreasing medium can cause con- 
siderable trouble in the finished film, 

Where in place of a solvent degreasing medium an 
alkali degreaser is utilised, then the degreasing tank 
can form part of the pretreatment line. Normally such 
tanks are arranged with heating coils utilising either 
steam or high pressure hot water or, in some cases, 
gas. Also, of course, electric immersion heaters can 
be utilised if other heating mediums are not available 
at the proposed site. 

Generally a runway beam is provided on the centre 
line of the tanks, the parts being loaded on suitable 
jigs or in baskets and processed from tank to tank. 

The normal materials of construction for the de- 
grease tanks are mild steel and also, of course, for 
the following rinses. Where an acid pickle is utilised 
then the type of lining for the tank and also the 
method of heating will be dependent on the acid 
employed. For sulphuric and hydrochloric either 
lead or rubber lining is desirable, the heating pre- 
ferably being by means of a water or oil jacket 
around the tank sides and bottom. Where phosphoric 
acid is the pickling medium then a rubber lined tank 
can be utilised, preferably heated by jackets as for 
the sulphuric and hydrochloric examples. 

For the rinses after the pickle stage it is desirable 
also that these shall be suitably protected, the cold 
rinse tank which normally follows the pickle tank 
being arranged with a constant make-up in order to 
avoid acid build-up. 

For the actual phosphating tank, mild steel with- 
out any protection is very widely used indeed with 
much success, though some suppliers of chemicals 
do recommend the use of stainless materials for the 
tank. or rubber lining. Rubber lining does reduce 
build-up of phosphates on the tank sides. For heating, 
immersion coils can be used, but it must be apprec- 
iated that the heating efficiency of these coils will 
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progressively fall as a phosphate build-up occurs, 
and here a jacketed tank has much in its favour. 
Where immersion coils are used, these can be of steel, 
brass or corrosion resisting material. The following 
rinses need no special precautions, mild steel 
galvanised tanks being very generally used. 

Process times will, of course, depend to a large 
extent on the amount of contamination, the type of 
pickling acid, and the thickness of phosphate coating 
required, but generally speaking, times from 24-5 
minutes per tank are commonly used. The working 
temperature also of the various tanks will depend 
on the requirements of the chemicals used, but as a 
general rule hot degreasing tanks run at temperatures 
of 150-170°F. as do the pickle tanks, phosphating 
tanks between 135 - 180°F. warm rinses generally at 
170 - 180°F. 

In order to prevent escape of steam into surround- 
ing shop space, modern practice tends to the pro- 
vision of a lip extraction system, which comprises a 
narrow slot along two sides of the tank length through 
which a high velocity airstream is induced. The 
velocity through the slot for effective collection will 
depend on the width of tank being used, and can 
vary from a low value of 1,000 ft. per minute to a 
high level of 3,000 ft. per minute or more. 

Where corrosive fumes are likely to be encountered, 
then it is necessary to construct the exhaust ducting 
in an acid resisting material such as P.V.C. or to 
rubber line such ducting. 

For the remainder of the process tanks mild steel 
trunking, galvanised after manufacture is perfectly 
suitable. (Figs. 4 & 5). 

As has been mentioned earlier, modern mass pro- 
duction methods tend rather to use spray cleaning 


Fig. 4. Feed end of an 

intermittent conveyorised 

dip cleaning and phosphat- 

ing plant handling tube 
fittings. 


and phosphating than the dip method, though con- 
tinuous plants employing the dip method are in very 
satisfactory operation, generally employing a con- 
veyor system of the intermittent type operating 
through a suitable timing gear to give the requisite 
dwell period from tank to tank. 

Fig. 6 illustrates a continuous dip plant employ- 
ing an intermittent conveyor of the crossbar 
pattern, the cycle time being adjustable from 1 - 10 
minutes. In this case work is loaded into baskets 
which are processed from tank to tank. 

Since also on this line a phosphoric acid pickle 
is employed and zinc base alloys are phosphated, 
a separate loading stage is provided after the pickle 
to enable mazak to be treated. The drying oven 
is arranged over the various process tanks and for 
normal production the loading and unloading 
operation is from a single point. 

Generally, in spray plants, a monorail conveyor 
system is employed, the work being suitably jigged 
and hung from the conveyor trolleys. The great 
advantage with spray plants is that, generally speak- 
ing, treatment times are reduced to roughly 20% of 
those employed in dip processing and after loading 
no further handling of the work is necessary until 
the pretreatment process has been completed. It 
is not usual, however, to incorporate a pickle stage 
in such lines, the normal procedure being to arrange 
for two degreasing tanks with two following rinses, 
for a phosphate stage, its two following rinses, and 
final dry-off. 

Spray headers are suitably disposed around the 
conveyor and are provided with jets of various forms 
arranged to fire in all directions so that every part 
being processed receives the jetting action from the 




















Fig. 5. (above) Further view of the plant showing treatment 
tanks, drying ovens, and drop hoists. 


Fig. 6. (below) Continuous dip plant employing an _ inter- 
mittent conveyor of the crossbar pattern. 
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sprays. For this purpose the normal recommendation 
is a pressure at the spray of 15-20 lb. per square 
inch, 

For the majority of such processes, pumps of nor- 
mal construction can be utilised, though it must be 
appreciated that where heated tanks are used it is 
essential that the pump has a characteristic suitable 
for handling heated liquors and works normally 
under flooded suction conditions with a suitable 
suction head, otherwise, due to the slight vacuum 
created, steam will be formed at the pump suction 
giving considerable trouble. It is also a desirable 
feature to arrange that, in the pump rising main, a 
suitable discharge connection is provided to enable 
tanks to be emptied for cleaning operations. Pump 
suctions in cleaning and phosphating tanks should 
normally be some 12” from the bottom of the tank, 
and generally a weir is incorporated in order to pre- 
vent sludge being drawn into the pump and dis- 
charged through the pressure system, which may 
block up the small orifices in the jets themselves. 

The drying oven which follows the process section 
is normally of the air circulated pattern, running at 
temperatures of from 250 - 350°F. depending on the 
time which can be allowed, this time varying from 
five minutes upwards. The advantage of an air- 
circulated system for this process is that, providing 
the method of distribution is well designed, the for- 
mation of water droplets on the treated work is 
avoided. It is a comparatively easy matter to dry a 
surface wet section, but very difficult indeed to boil 
off a water droplet, thus comparatively high air 
velocities through the drying oven are utilised in 
order to spread out such water droplets and 
to accelerate total drying of the work. 

One further point in connection with the conveyor 
system is that it is essential, in so far as is practicable, 
that the chain and rotating parts are shielded from 
the cleaning sections in order to reduce phosphate 
build-up, which can result in a heavy maintenance 
item. 

Where lightweight coatings are employed, then the 
tendency to form build-up on the conveyor does not 
occur and sludging troubles which are present with 
the heavier coatings are almost non-existent. 


Paint Application 

Whilst in certain industries, particularly the public 
service vehicle industry, brush painting is still very 
widely employed, the majority of industrial painting, 
particularly on mass produced articles, is now 
applied either by dipping or by spraying. 

Dealing firstly with dip coating, the great advant- 
age of this method of paint application is 
that it ensures complete coverage, particularly of 
intricately shaped articles. The main disadvant- 
ages are the thickness of applied coating, which to 
some extent can be controlled by controlling paint 
viscosity, and the tendency, particularly with the 
thicker coatings, for runs to develop after withdrawal 
from the paint tank. 

For best results with dip coating, it is necessary to 
have slow immersion and withdrawal rates; further, 


great care must be paid particularly with auto- 
matic plants, to jig the part to ensure adequate 
drainage and secondly to avoid air traps when the 
work is immersed, since such air traps will, without 
doubt, leave a bare patch on the finished surface. 

For some classes of work, particularly with insulat- 
ing varnishes, the Authors have knowledge of with- 
drawal rates as low as 14” per minute, Generally 
speaking, good results can be obtained with with- 
drawal rates of up to 12” per minute. The slow 
withdrawal ensures a minimum of drainage, since 
advantage is taken of the surface tension of the paint 
tank, the excess paint on the surface being dragged off 
as the part emerges through the surface of the tank. 


Circulating System 

For tanks of small size, it is not essential to have 
any means of agitation, but where tank sizes are in 
excess of 250 gallons capacity then, without doubt, 
it is a necessity to have an efficient circulating system 
in order to ensure that the paint is kept in condition. 
The normal method is to use a screwed or positive 
displacement pattern pump as the circulator, drawing 
from a fairly high level in the dip tank and delivering 
to the storage tank. The paint then is run generally 
by gravity at fairly low level from the paint storage 
tank back into the dip tank. If the tank width is 
large, then it is desirable that the discharge branch 
to the tank should extend across the width of the 
tank with drilled holes to equalise the flow. 

The delivery from the pump into the storage tank 
should be below paint level in order to avoid aera- 
tion, solvent loss and frothing trouble. The paint 
flow should be contraflow to the work for very 
obvious reasons. 

It is desirable that a storage tank should be pro- 
vided in the circulating system for maintenance 
purposes, and also to contain the paint during shut- 
down periods, and thus avoid solvent loss which can 
be extremely serious in tanks with large surface areas. 

Normal dipping viscosities are higher than those 
used for spray coatings, but depend upon the type of 
paint being applied. 

One further point is that the paint temperature 
should be kept as nearly constant as possible, either 
by controlling the shop temperature or installing 
some form of heating in the paint tank, or in the 
pump delivery branch. Heaters on the pump de- 
livery side are very commonly employed, particularly 
in the United States, utilising electricity or steam or 
hot water as the heat source, and being under thermo- 
static control. Jacketed tanks circulating warm oil 
or water have advantages over immersion type 
heaters for paint tanks where there is a tendency 
for the paint adjacent to the heat source to spoil, 
due to the temperature of this heat source. 

Normal methods of spray painting are so well 
known that it is not proposed to spend much time 
describing this system. In effect, the spray gun, 
which can be fed from a gravity pot, or pressure pot, 
or syphon cup on the paint side, receives an air 
supply at appropriate pressure generally between 40 
and 60 lb. per square inch and atomises the paint 
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body into a fine spray, the form of spray being a 
function of the type of nozzle employed, and this in 
turn being determined by the type of part to be 
coated. Where small runs and a multitude of 
colours are employed, then generally the syphon cup 
or gravity pot is used; for long runs pressure pots. 
are employed and these are normally fitted with some 
form of agitation, either of the hand-operated pattern 
or by means of an air motor. 

Needless to say, it is essential that the air supply 
shall be free of motor moisture and oil and all spray 
painting equipment should be fitted with an efficient 
strainer to remove the oil mist carried over from the 
compressing stage and water which will condense 
out, particularly where a reduction between line 
pressure and operating pressure is employed, Many 
efficient separators are now available and advice, as 
in the case of the type of gun best suited for a 
particular type of work, can be obtained from any of 
the leading makers of spraying equipment. 


Spray Booths 

With regard to paint spray booths, until fairly 
recently these were all of the dry type and com- 
prised essentially a sheet metal casing with some 
form of baffle at the back or at the top of the booth, 
and were provided with a propeller type extract 
fan which drew the paint-laden air from the spray- 
ing area and discharged this to atmosphere. In 
order to avoid the nuisance trouble, which is very 
real, since it is not unusual for up to 60°/ of the 
paint passing from the gun to pass to outside at- 
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mosphere, filters are sometimes provided in order to 
take out from the exhaust air the majority of the 
paint carry-over. Such filters can be constructed 
utilising coke breeze or wood wool with fairly satis- 
factory results, though frequent maintenance is an 
essential. 

In recent years, particularly since the War, so 
called wet-back spray booths have been installed in 
increasing numbers and of very many designs, in 
which before discharge to atmosphere, the exhausted 
air is made to pass through a water curtain or water 
spray to remove the paint carried over from the 
spraying area. Such spray booths, of course, employ 
a circulating pump to provide the water curtain and 
spray system, and are normally provided with some 
form of filter to retain the paint deposit and to pre- 
vent this being carried to the pump and spray pipes. 
Many ingenious forms of sludge collection are now 
provided, some of them of the self-acting pattern. 

The present tendency is for spray booths to be of 
the down draught pattern, the air being drawn 
through the floor of the spraying area, or booth, 
and impinging on a wet floor, finally passing through 
the spray system before being discharged to 
atmosphere. 

A very recent development of such a system is that 
employing high velocity extract slots, and such booths 
are provided with enclosed sides only and no top 
with extremely good results. Such a booth is shown 
in Fig. 7. 

Under working conditions and when _ handling 
fairly heavy paint volumes, there is no appreciable 
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Fig. 7. High velocity slot 
type spray booth. 
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build-up of paint on the surrounding floor area with 
this system, even after long working periods, and the 
great advantage is that bulk loads which require to 
be handled by overhead cranage can be accom- 
modated quite simply. 

A further development is a wet type spray booth, 
which does not employ any circulating pump, but 
which relies solely on the depression created by the 
extract fan to form water waves in the collection 
area through which the air has to pass, these water 
waves being formed by means of special deflectors 
in the back of the booth. Eliminator plates are 
provided to remove any water carry-over and the 
type of fan employed is a cased centrifugal type 
since the depression required to create the water 
wave is approximately 3” w.g. Extremely satis- 
factory results have been obtained with this type 
of booth which, although requiring a greater fan 
horsepower, does not use any external energy for 
water circulation. 

Fig. 8 shows such a booth used for touching up 
refrigerator panels. 


Electrostatic Spraying 

In recent years, electrostatic spraying has found 
its own place in the finishing field. The basis of 
electrostatic spraying is the well-known principle of 
the discharge and attraction of ions of opposite 
charge, which system has, of course, been very widely 
used in the collection of dust by electrostatic 
precipitation. 

Broadly, the application of electrostatic spraying 
to painting is that the components are earthed, 
generally to the conveyor, which takes them into a 
highly ionised field produced by a grid surrounding 
the part and carrying a negative static pressure of 
about 100,000 volts. Into this field is sprayed the 
coating material, the finely divided paint particles 
picking up electrons which are discharged from the 
negative electrode and which are strongly attracted 
by the earthed work as it passes through the field, 
the paint particles giving up their charge on reaching 
the surface of the earthed component, and so build- 
ing-up into a paint film. Such a spray booth hand- 
ling tube fittings is shown in Fig. 9. 

In this case, the parts to be sprayed are hung on 
wire jigs, the conveyor carrying trolleys being pro- 
vided with a central spindle fitted with a sprocket 
which engages in a chain rack through the spraying 
area, causing the parts to rotate. As will be seen 
from the photograph, the guns are arranged in fixed 
positions discharging into the field. Paint savings 
of the order of 50° are claimed for this method of 
painting, but it must be strongly emphasised that the 
successful application of electrostatic spraying re- 
quires the right type of part and a continuous flow 
of generally similar articles. 

A development of the electrostatic method just 
described is known as the No. 2 process, in which 
in place of spray guns of conventional pattern, the 
paint to be applied is pumped into a spinning cup 
running at approximately 1,000 r.p.m. being flung 
off into the field by centrifugal force in a finely 


Fig. 8. 


Fig. 9. 





(above) Wet type spray booth used for touching 
up refrigerator panels. 


(below) Electrostatic spraying of tube fittings. 
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divided state, the paint being ionised as it leaves the 
spinning cup and being attracted to the earthed 
component. By careful arrangement of the spinning 
cups complete coverage can be assured, an advant- 
age being that parts with deep returns can be 
covered. Providing that great care is taken in 
positioning of the cups, a uniform paint film is 
applied with a consistency of finish which so far has 
not been attained with other methods of paint appli- 
cation. The overspray, providing the jigging and the 
hanging of the parts have been set, is very small. 
Furthermore, a very minimum extract rate from the 
spray area is required with this system, resulting in 
considerable economy in running consumption, since 
it must be apparent that where large volumes of shop 
air are exhausted to atmosphere these have to be 
made good and, of course, tempered in order to 
maintain comfort conditions in the shop area. An 
application of the No. 2 electrostatic spray process 
is shown in Fig. 10, the parts being processed being 
refrigerator components. 


The Roto-Dip Process 

A most interesting development which has been 
used with great effect in the motor industry is the 
Roto-dip process, where car bodies are suspended 
from a spit passing through the body and which is 
placed on a specially designed conveyor. Through 
the various cleaning and drying stages the spit en- 
gages with a rack, causing the body to rotate so that 
all surfaces are not only adequately cleaned, but 
since the body is also rotated through the paint tank, 
an even continuous paint film over all surfaces is 
ensured with an absence of air trapping. The paint 
volume employed in such a plant is very large and 
needs constant supervision to ensure that it is re- 
tained in perfect condition. 
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Fig. 10. No. 2. electrostatic spray process. 


In order to avoid the troubles associated with 
large paint volumes contained in open top tanks, 
flow painting is now being considered for a number 
of applications where dipping or spraying have been 
previously used. In essence, flow painting comprises 
a flow section not dissimilar from the spray section 
of a continuous jet type cleaning plant, spray nozzles 
being arranged around the work space so that the 
paint jets hit all surfaces of the part to be painted. 

As in the case of spray cleaning plant and with 
the limited knowledge so far available on this pro- 
cess, a pressure at the nozzle of some 10/20 lb. per 
square inch is considered to be necessary, the paint 
volume being a function of the number of nozzles 
employed and the surface area to be coated. 

An installation of this type has recently been com- 
pleted in Ipswich, where a work-piece having a 
maximum cross section 12’ 0” wide X 6’ 0” high 
is suspended from a monorail type conveyor and 
conveyed through a flow-coat section, the volume of 
paint circulated being approximately 300 gallons per 
minute, and the storage capacity of the settling tank 
being 1,250 gallons. The equivalent size of paint 
dip tank to handle parts of such large bulk would 
have been between 14,000 and 15,000 gallons, so that 
the amount of capital tied up in paint for the flow 
coating installation is less than a tenth than that 
required for dip painting and also, of course, the 
amount of control on the paint tanks in the flow 
coating plant is correspondingly less. (See Figs. 11 
and 12). 

The paint circulating system is interconnected to a 
solvent tank so that at the end of the run, the paint 
suction and delivery connections can be cut off and 
solvent circulated through the pump pipework and 
flow coating section for cleaning purposes. 

An essential part of flow-coat installations is a 
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Fig. 11. Flow coating. 


solvent section immediately after flow coating to 
obtain a secondary run before the paint film has set; 
this is accomplished by careful design of the extract 
system. 

Much has still to be learned on the subject of flow 
painting which in its present stage of development, 
both in this country and in the States, is used for 
finishing coats only where an industrial type finish 
is required, and for the application of priming coats. 
Without doubt, in the future, by close control of 
paint formulation, it will be possible to use flow coat 
methods for finish painting on components requiring 
a high degree of finish. 


Roller Coating 

One further method of paint application which 
should be touched on and which is widely used in the 
metal box industry, is roller coating, in which the 
coating material is applied by means of rollers on 
flat sheet, the paint or varnish film being dried, the 
flat sheet then being formed to the desired shape. 
Roller coating is probably the most efficient method 
of paint application, since film thickness can be 
accurately controlled and there is virtually no paint 
wastage, and this method of coating is now being 
applied in the drum industry in the manufacture of 
large metal containers up to the well known 40 gallon 
oil drum size. A view of a large installation of this 
type handling sheets up to 6’ 0” X 3’ 9” is shown 
in Fig. 13. The production line, in addition to roller 
coating, includes a rotary printing machine for litho- 
graphed decoration. The line has been designed for 
feeds up to 4,500 sheets per hour and is consistently 
run at speeds in excess of 60 sheets per minute. 

At this point it would be opportune to discuss 
stoving methods, since there are two schools of 
thought on this vexed question. The methods of 














drying were discussed at some length in a Paper 
before this Section of the Institution of Production 
Engineers, and were published in the Journal in 
October, 1946, but perhaps we may be permitted 
briefly to summarise what was then said. 

The two forms of heating in universal use are the 
so-called infra-red or radiant method and convection 
stoving. 

Radiant heating, which can utilise town gas or 
electricity as the heat source, comprises a radiant 
body working at elevated temperature, directing 
streams of heat energy at the work to be processed. 
In the case of the electric radiant equipment this can 
be either in the form of specially designed lamps 
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Fig. 12. Flow coating. 
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normally rated at 250 watts held in parabolic or 
trough type reflectors, or elements of the dull emitter 
pattern, arranged generally in trough type reflectors, 
the lamps or troughs being built round a conveyor 
system and arranged to heat all surfaces of the work 
to be dried. 


Gas-fired Equipment 

In the case of gas-fired equipment, the early 
form of radiant comprised a circular tunnel, the 
outer casing being insulated, with a gas passage 
between an inner sheetmetal radiating surface, gas 
jets being provided at the lower edge on both sides 
of the tunnel to heat the inner radiant face. The more 
modern form comprises a refractory or cast iron 
block behind which are gas jets to provide a high 
surface temperature, the panels being, as in the case 
of the electric radiant panels, sited to strike all 
surfaces of the work to be dried. 

As is well known, radiant energy is projected in a 
straight line, and follows the inverse square law which 
states that the temperature of application will follow 
inversely as the square of the distance from the 
radiant source. The areas of an article more distant 
from the radiant heat source must of necessity receive 
a different heat treatment condition than nearer 
areas. Variations in thickness of the work will result 
in different surface temperatures with a variation in 
heat treatment condition. 

Whilst radiant equipment is very widely used in 
industry at the present time, its greatest use is where 
line production is in being and a constant flow of 
work of similar kind and constant section is being 
processed. If a large variation in shape and thickness 
is present on the production line, then almost 
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certainly trouble can be experienced in obtaining 
constant stoving conditions, or it may be necessary 
to batch work and adjust panel temperatures and 
conveyor speeds to suit variation in size and section. 


Convection Methods 

Convection methods can be sub-divided into two 
classes. One is the older natural convection system, 
which in its crudest form comprises an insulated 
casing containing burners or heating elements 
generally located in the bottom of the stove, the 
heating being accomplished by the natural flow ot 
hot air from bottom to top of the chamber. With 
such a system a large temperature variation must of 
necessity exist and, furthermore, as was pointed out 
by Chamberlain and Andrew, a large proportion of 
the heat received by the parts being dried is from 
the radiant effect from the inner wall of the stove. 

Modern finishes demand equality of temperature 
for constant results and in an endeavour to avoid 
some of the disadvantages present with this natural 
convection system, the triple-cased stove was evolved, 
which essentially was similar to the double-cased 
stove just described, but contained an inner mild 
steel casing. The gases are circulated in the inter- 
vening space, vents being provided from outside 
atmosphere to the inner casing in order to evacuate 
solvents given off during the drying operation. Almost 
all the disadvantages pertaining to the double-cased 
stove also apply to the triple-cased stove, which is in 
effect a crude form of radiant dryer, since the whole 
of the heat energy received by the working space is 
radiated from the floor and walls of the inner casing. 

To obtain satisfactory results from such stoves, it 
was necessary to work at comparatively low tempera- 


Fig. 13. Roller coating. 
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tures and to place the work carefully in order to 
avoid “over” and “under” stoving. Such methods 
resulted in extremely long drying times. 


A Modern Development 

The modern development is, of course, the fully 
recirculated or air circulated stove, sometimes known 
as a forced convection stove, in which the heat 
source is remote from the work space in order to 
avoid troubles due to radiation from this source; the 
vehicle of heat being air and/or products of com- 
bustion which is circulated by means of a centrifugal 
type fan coupled to the combustion chamber or 
heater battery. In order to conserve heat and to 
ensure a thermally efficient unit, recirculation is em- 
ployed, that is, a connection is taken from the work 
space back to the heat source, the air having given 
up its useful heat to the work space, being returned 
to this heat source for re-heating. It is essential, 
of course, where solvents are given off during the 
drying stage, to allow a degree of venting in order 
to avoid a build-up of explosive vapour and for this 
purpose a ventilating stack is provided, and in the 
case of the electric or steam heating, a corresponding 
fresh air intake system, In the case of gaseous fuels, 
the fresh air inlet is generally through the front of the 
combustion chamber. 

Providing the system is well designed and the fan 
is of adequate size, then it can be said that virtually 
the whole of the work space will be at the same 
temperature within very close limits, since a high 
degree of turbulence will exist to break down strati- 
fication and if the fan size has been correctly calcu- 
lated, then the temperature head of the entering air 
will be only slightly above the control temperature. 

A well-designed air circulated system will give 
stoving rates approaching those to be met with in 
radiant equipment, without the disadvantages of high 


Fig. 14. Through-type oven. 


working temperatures, since the control can be set 
to operate below the spoiling temperature of work 
being processed. Furthermore, mixed batches of 
work can be handled with consistency of finish and 
with the turbulent atmosphere which exists in this 
type of stove, parts of very intricate shape can be 
said to receive identical heat treatment conditions. 
Again, high density loading can be employed, since 
there is no shadowing effect with an air circulated 
oven, as obtains with radiant methods. 

In the Author’s experience, it has been found that 
the running consumption with air circulated equip- 
ment is considerably less for a given pay load than 
with radiant methods. In fairness, however, it must 
be said that there are specific applications where 
radiant heating can have advantages, particularly 
for mass produced work of very light section and 
constant shape. 

The conventional force of forced air circulated 
stoves vary from small batch type units used for 
laboratory purposes, up to extremely large installa- 
tions of the conveyor pattern. 

Where line production methods exist, then it is 
possible to continue a monorail conveyor system 
through both pretreatment, paint application and 
final drying, the stoves generally employed with 
monorail systems being of the through or “ U ” type, 
though the familiar camel back or “A” type oven 
can also be built with a monorail conveyor system. 
Where the end opening is required to be of large 
proportion then, generally, an air curtain is provided 
at both entering and exit ends, in order to avoid the 
cold convection condition which will obtain and 
which results in spillage of hot air to the shop and 
consequent loss of thermal efficiency in the stoving 
unit. 

Air curtains are of varying forms, but in principle 
comprise high velocity air nozzles arranged at both 
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sides and sometimes at the bottom of the loading and 
discharge openings, projecting streams of air across 
the opening. A bleed connection is generally taken 
from the heat source, the air from the air curtain 
being collected in a hood and recirculated. With a 
well designed seal of this type there will be the 
minimum of spill from the oven. 

With through-type ovens, it is generally considered 
that 25° of the total length of the stove is ineffective 
due to end losses, this ineffective length varying with 
the size of opening and the degree of silhouetting 
which can be employed. 

Through-type ovens are also sometimes used with 
slat conveyors. A through-type oven of large size, 
used in connection with the flow coating installation 
briefly described above, is shown in Figs. 14 and 15. 

“A” type or camel back ovens generally employ a 
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Fig. 15. Through-type oven 


flight bar conveyor system in order to obtain high 
loading density, though, as previously stated, many 
such ovens are provided with monorail conveyors 
where the shop layout demands such a conveyor 
system. 

The great advantage with the camel back stove is 
the self-sealing feature with consequent economy in 
running consumption, the heat source being generally 
located below the bottom of the stove. Recirculation 
is, of course, invariably employed. At the loading 
end of the system is provided an exhaust fan which 
has two functions, one of which is to remove sol- 
vents from the work space as these are given off by 
the work as it reaches the heated zone, and secondly 
to create a seal at the entering lip, the air removed 
in a fume laden condition generally being replaced at 
the unloading end, thus creating a seal at this end 


Fig. 16. Loading end of a camel-back stove. 

















Fig. 17. Another example 
of the camel-back stove. 


type oven is 
normally considered to be that portion in the apex. 

Fig. 16 illustrates the loading end of a stove of this 
type installed in a well-known motor car factory in 
the Coventry area, which is used for prime and 
finish coating of a multiplicity of components ranging 
from petrol tanks to tiny brackets, and which utilises 


also. The effective length of the “A” 


a crossbar conveyor system. Automatic dipping 1s 
included in the layout and provision is made in the 
design for sprayed work also to be hung on the con- 
veyor system. The heating medium employed for this 
particular installation is high pressure hot water, the 
working temperature being 250°F. 

A further example of this type of stove is shown 
in Fig. 17 installed in the works of a leading firm 
manufacturing earth-moving machinery, and which 
is used for the stoving of prime and finish coats on 
both castings, fabricated items and sheet metal panels. 
The system is provided with hand dip tanks and also 
with a spray booth of large size at the loading end. 
In this case the heating medium is town gas. 

As was stated at the beginning of this Paper, the 
subject given to us is very wide in its scope and it 
has been possible to give only a very brief summary 
of the many processes and forms of plant which are 
utilised for industrial finishing. Furthermore, it has 
been necessary to limit the remarks on the finishing 
side of the Paper to paints and similar siccative 
coatings, and in consequence it has not been possible 
to deal with vitreous coatings nor metal spraying 
techniques, nor galvanising equipment, all of which 
have their place in the finishing field. 
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“THE ACCOUNTANT IN PRODUCTION 
ENGINEERING — (concluded from page 751) 


In case the impression is given that by adhering 
to all these principles success is assured, we should 
draw attention to the fact that our two professions 
are still dependent on two very important classes of 
people. The first is one, perhaps without any quali- 
fications whatsoever, who has that ingrained sense of 
knowing what product is required by the public and 
can visualise the complete scope of the business that 
he has in mind. The second is one, also perhaps 
without any qualifications, who can take the product 
manufactured and prove the other’s vision by selling 
it. 


Both these classes of people require our assistance 
and it is our duty to ensure that we are together 
ready to provide it. 
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news of members 





Mr. J. W. Berry, Member, Joint Managing 
Director of The Birmingham Aluminium Casting 
(1903) Co. Ltd., has now been appointed a Director 
of Birmid Industries Limited. 


Mr. G. P. Belsham, Member, has been appointed 
sole Managing Director of Brookhirst Switchgear 
Limited, Chester. 


Mr. J. W. Blackshaw, C.M.G., M.B.E., Member, 
who was recently elected to the Board of Directors of 
B. Elliott & Company Limited, of Willesden, on 
retirement from the Engineering Industries Division 
of the Ministry of Supply, has also joined the Board 
of the Elgar Machine Tool Company Limited. 


Mr. E. J. W. Herbert, Member, General 
Manager of Commonwealth Government Ordnance 
Factories, is now making a visit to France and the 
United Kingdom. Mr. Herbert is Vice-Chairman of 
the Melbourne Section. 


Mr. F. W. Prakel, Member, has accepted a 
position as Technical Sales Representative to Barnes 
Engineering Limited, of Johannesburg, South Africa. 


Mr. W. Washbourne, Member, has relinquished 
his position of General Works Manager (Excavator 
Division) with Newton Chambers & Co. Ltd., 
Thorncliffe, Sheffield, to take up an appointment 
with the Wolverhampton Die Casting Co. Ltd., as 
Works Manager. 


Mr. K. J. B. Wolfe, Member, recently left 
B.S.A. Tools Limited and, after resigning all his 
positions with this Group of Companies, has joined 
the Triplex Safety Glass Company. 


Mr. C. E. Barkworth, Associate Member, has 
relinquished his appointment as General Manager of 
Canadian Chain Belt Limited, Willowdale, Ontario, 
and is now engaged as President of Crothers 
Manufacturing Limited, Leaside, Toronto, Ontario. 


Mr. E. W. Bird, Associate Member, recently 
relinquished his position as Senior Production 
Engineer with the English Electric Company, 
Stevenage, and is now Works Manager with 
C, Abrey & Co. Ltd., London. 


Mr. C. V. V. Chetti, Associate Member, has 
been promoted to Industrial Engineer, Department of 
Industries and Commerce, Chepauk, Madras, 5. 
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Dr. Samuel Eilon, 
Associate Member, has now 
been appointed Lecturer in 
Production Engineering in 
the Mechanical Engineering 
Department of the Imperial 
College of Science 
and Technology, South 
Kensington. 





Mr. J. P. Ford, Associate Member, has 
relinquished his position as Managing Director of 
Associated British Oil Engines (Export) Ltd. ; 
National Oil Engines (Export) Ltd.; and Brush 
Export Limited, as from ist November, 1955, to 
join the Board of Charles Colston, Limited, London. 


Mr. H. N. Ghosal, Associate Member, a 
Committee Member of the Calcutta Section, is paying 
a short visit to the United Kingdom this autumn. He 
is working with Philips Electrical Company (India) 
Limited as Manager, Industrial Department. 


Mr. W. H. Moore, Associate Member, has 
relinquished his appointment as Works Manager of 
Ideal Casements (Reading) Limited, and has taken up 
an appointment as General Manager, A. Beanes & 
Co. Limited, Paddington. 


Mr. T. Redfern, Associate Member, has 
relinquished his position of Nut Shop Manager with 
G.K.N. (Midlands) Limited, Birmingham, and _ has 
taken up an appointment as Manager of the 
Brynmawr factory of John Webb & Co. Ltd., 
Hockley, Birmingham. 


Mr. T. W. Stacey, Associate Member, is now 
Managing Director of The Vaughan Crome Company 
Limited, Manchester, 12. 


Mr. R. F. Brookes, Graduate, is now a Designer 
in the Automation Department of T.I. (Group 
Services) Limited, Birmingham. 


Mr. G. J. Bullock, Graduate, has relinquished 
his position with Auto-Klean Strainers Limited and 
has taken up an appointment as Works Manager 
with R, F. Landon & Partners. 


Mr. W. D. Rance, Graduate, is at present 
employed as a Work Study and Development 
Engineer at High Duty Alloys Limited, Neath, Glam. 


Mr. P. J. Simner, Graduate, has taken up a 
position as a Technical Assistant with the Ministry of 
Supply, at R.O.F., Chorley, Lancs. 
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** Ceramics : A Symposium ” by A. T. Green and Gerald H. 
Stewart. Stoke-on-Trent, British Ceramic Society, 1953. 
877 pages. Illustrated. Diagrams. 


This book, which was published to mark the Jubilee of 
the British Ceramic Society, is a very comprehensive survey 
of the advanced science of ceramics. It is divided into four 
sections which are, in themselves, self-contained — general, 
pottery, refractories and heavy clay wares, each section deal- 
ing with the problems of the particular branch of the indus- 
try. The book as a whole is made up of chapters by 
authors specialising in the subject. 


The general section which deals with the physical 
properties and the structural features of the clay minerals 
and related substances is particularly detailed in its treat- 
ment of the studies. The reader needs to be acquainted with 
crystallography and atomic structures before full use can be 
made of it. This section is mainly of interest to the 
physicists and chemists who specialise in the clay minerals. 
The very numerous references are most useful. 

The pottery section is of much greater direct interest to 
those concerned with production of ceramics, but because 
of the nature of the material it is impossible to 
separate the chemicals, physical and production prob- 
lems associated with the body material and_ glazes, 
so that the division is not incisive. References are 
made to recent developments in this country and abroad, 
of production methods and equipment for the machine 
making of table ware, and electrical ceramics, and drying, 
and firing of the same. The chapter dealing with firing 1s 
particularly interesting as it draws attention to the changes, 
beneficial, or otherwise brought about by changing firing 
cycles. As in all sections of the book, there are many 
references to all problems, and even to some that give con- 
tradictory findings. 

The section dealing with refractories is more complete than 
the others and deals with both production and usage, in 
addition to methods in use throughout the refractories indus- 
try. The individual sections are sub-divided into specialised 
refractories including carbon blocks and gasworks refractories. 
One of the most original chapters is that mentioning 
statistical quality control, an aspect that has had little 
attention in the ceramic industry. There are many refer- 
ences to physical and crystallographic changes that cannot 
be completely separated from production problems cf 
ceramics. 

The section dealing with the heavy clay industries covers 
most operations concerned with the production of bricks 
and similar ware. The development of production equip- 
ment is discussed with particular reference to the short- 
comings of early equipment and also of recent trends. In 
addition to the references to production equipment, mention 
is made of handling equipment and tool development. 

It is extremely difficult to review adequately a book such 
as this having so much material of a high quality, and use- 
fulness to all sections of the industry. There are, however, 
a few shortcomings; the illustrations throughout are not 
good nor are there many of them. Further, there is no 
index, which greatly restricts the usefulness of the book as a 
means of reference. Although the book covers a wide field 
of industry, there are some important sections that are not 
mentioned, and because of the number of authors who par- 
took in the writing of the book some items are repeated, 
but this is an advantage since various sections become com- 
plete and self-contained. J.E.P. 


REVIEWS & 
ADDITIONS 





“The Manufacture and Application of Lubricating 
Greases” by C. J. Boner. Reinhold, N.Y., 1954. 977 
pages. Illustrations. Diagrams. £7 8s. Od. 


This comprehensive and very readable book summarises 
effectively the advances which have occurred in recent years 
in all aspects of the lubricating grease industry, and in the 
study of the structure, stability and lubricant qualities of 
greases. 

In the early chapters and, indeed, throughout the book, 
the essential role of structure modifiers and other additives 
in greases is revealed—such additives being now as numerous 
as those used in lubricating oils. 

The manufacture and properties of all the modem 
metallic soap—mixed soap—and non-soap-thickened mineral 
oil greases are described, while the later chapters outline 
the latest methods of analysis, evaluation and application of 
grease lubricants and finally the latest trends in the industry. 

Engineers of every type can select here the type of grease 
and application best suited to their special lubrication 
needs. Production and chemical engineers can contemplate 
a chemical process which, if relatively free from plant de- 
preciation through corrosion and friction, yet presents 
interesting problems of mixing, heat and material transfer, 
batchwise versus continuous production, etc., in dealing 
with that non-Newtonian fluid par excellence which 1s 
grease. 

Full reference is made to the originators and patentees 
of all the plant improvements and methods described in 
the book. 


OTHER ADDITIONS 


GRINDING 
Shaw, Thomas R. “Precision grinding machines.” 
London, Scott Greenwood & Son, 1917. 214 pages 
Illustrated. Diagrams. 

METALS DRAWING 
Willis, J. “* Deep drawing: a review of the practical 
aspects of Professor H. W. Swift’s researches.” London, 
Butterworth, 1954. 134 pages. 

COST ACCOUNTING 
National Association of Drop Forgers and Stampers, 
Birmingham. ‘* Recommendations for uniform cost- 
estimating and cost-finding for the drop forging indus- 
try.” Birmingham, the Association, 1953. 67 + 12 pages. 
Approx. (Charts.) 

MANAGEMENT 
Bond, G. D. “ Financial aspects of industrial manage- 
ment.” London, Butterworth, 1955. 529 pages. 
Granick, David. “* Management of the industrial firm in 
the USSR: a study in Soviet economic planning.” N.Y., 
Columbia University Press, 1954. 346 pages. 
Organisation for European Economic Co-operation, Paris. 
“* Problems of business management: American opinions, 
European opinions.” Paris, the Organisation, 1954. 85 
pages. (Technical Assistance Mission No. 129.) 

WORK STUDY 
Society for Advancement of Management, New York. 
“Creative time study methods: proceedings of the 
1954 Spring Conference co-sponsored by the Society 
for Advancement of Management, and the Management 
Div., American Society of Mechanical Engineers.” 


N.Y., the Society, 1954. 159 pages. Diagrams. 
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BRITAIN’S LARGEST MANUFACTURERS OF JIG BORERS 





LU NEWALL GROUP SALES LTE 


PETERBOROUGH TELEPHONE 3227/8/9 
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SYKES UNIVERSAL HOBBERS 


Readily accessible change gears, and Vernier 
scales on hob carriage and work saddle, facilitate 
setting and speed up changeover from one gear type 
to another, reducing ‘down-time’ to a minimum. 
These are precision machines — Spurs and helicals, 
splines and sprockets, worms and worm-wheels, can : 
all be generated with the greatest accuracy — yet with 
automatic limit switches and rapid power traverse 





for speedy operation, high production rates are 
easy to maintain. 
| 3 MODELS 


Pall technical data on request. nd HV.14 up to /4 ins. dia. 
are cordially invited to inspect these HV. 24 up to 24 ins. dia. 


| machines in operation at our works | HV.40 up to 40 ins dia. 


Ss pene : 
STAINES - MIDDLESEX + ENGLAND real 
Phone: STAINES 4281 Grams: ‘SYKUTTER, STAINES’ 
Canada: Sykes Tool Corporation Ltd., 123/131 York St., Toronto 
Australia: W. E. Sykes Ltd., 8 Ricketty St., Mascot, Sydney, N.S.W. 


PEED Nitin tna 
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Hawker 


H.M.E. Presses are widely used in the Aircraft 
Industry and we are proud to be associated 
with the famous Hawker range. 


Our Technical Department is at your service and 
ready to bring to you details of our range of 
Open Front and Double Sided Power Presses 
from 3 tons to 300 tons capacity. 




















Catalogues containing full specifications will be sent to you upon request 


HORDERN, MASON & EDWARDS LTD. 


When replying to advertisements please mention the Journal 
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Part of a group of Asquith 
Rotary Transfer Machines, 
drilling, reaming, and 
tapping exhaust manifolds. 


Photograph by courtesy of 
Humber Ltd., Coventry 


Higher output at less cost is the aim of all manufacturers designed and manufactured to suit individual component 
in the metalworking industry, and in many cases this requirements. 

has been achieved by the installation of ASQUITH If you are interested in automation, let us have details 
drilling, tapping and reaming machines. This equipment is of your manufactures. We can probably help you. 


WILLIAM ASQUITH LTD., HALIFAX, ENGLAND 


Sales & Service for . . the British Isles 






















DRUMMOND-ASQUITH (SALES) LTD., KING EDWARD HOUSE, NEW ST., BIRMINGHAM 
*Phone: Midland 3431 (7 lines) Also at LONDON : *Phone Trafalgar 7224 (3 lines) and GLASGOW: ’Phone Central 3411 
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Outstanding production of.. 


SMALL GEARS 
AND RATCHETS 


FOR THE POPULAR HERCULES 
3-SPEED CYCLE HUBS 





An outstanding installation of 22 MAXICUT Gear 
Shapers is engaged on producing these small gears, 
internal gear rings and ball cups with internal ratchet 
teeth. Air operated clamping and indexing, with one 
operator in charge of (up to) 4 machines permit high 
rates of output to be obtained at very low cost. 


IT PAYS TO INSTALL “MAXICUT” 





PRODUCTION GEAR SHAPERS 


By Courtesy The Hercules Cycle & Motor Co. Ltd., Birmingham. 


FULL PARTICULARS ON REQUEST 


DRUMMOND BROTHERS LIMITED 
GUILDFORD, ENGLAND. 


Sales and Service for... D R U M MON D-ASQU iTH ... the British Isles 


DRUMMOND-ASQUITH (SALES) LTO., KING EDWARD HOUSE, NEW ST.., BIRMINGHAM 
Phone: Midland 343! (7 Lines) Also at LONDON: ’Phone: Trafalgar 7224 (3 lines) and GLASGOW: ’Phone Central 341 / 








When replying to advertisements please mention the Journal 





XXXii The Institution of Production Engineers Jourral 


They add 









ELECTRO-MECHANICAL 
UNIT HEADS 


TIME SAVING 


Sentinel-Renault Unit Heads save time by permitting a 
number of operations to be carried out simultaneously 
without unloading; and by instituting a continuous 
work flow. 

TOOL ECONOMY 

Sentinel-Renault Heads are economical because wear 
and tear of tools is reduced to a minimum. 


win aia Scntinef 








Sentinel-Renault Heads are automatically controlled. 
Once set, the machines function with the minimum of 
unskilled attention. 


MAXIMUM FLEXIBILITY 


Sentinel-Renault Heads are readily adaptable. Units (SHREWSBURY LTD) 

can be assembled and re-assembled in any position— 

horizontal, vertical or at an angle—on simple base SHREWSBURY 
frames. Telephone: Shrewsbury 2011 Grams: Sentnoll Shrewsbury 





ee A METAL INDUSTRIES GROUP COMPANY 
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PARKSON 


MILLERS IN THE TOOLROOM 


of Parkson Millers 


2NP—PLAIN 3N U—UNIVERSAL INP—PLAIN 
60 = 14 ins 70 x 164 ins. 
ns 36 ins 40 ins 
0 ins 12 ins 12 ins 


29 to 775 r.p.m. | 16 rates, 29 to 775 r.p.m. | 16 rates, 29 to 775 r.p.m 


No. 27 
742 ins. 
; 5} ins 


122 x 114 ins 
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Got Maximum Fieduction 





HEADSTOCK 


counter sove COMBINATION TU RRET LATHE © 


All Tungsten Carbid 
FITTED WITH 18° TUDOR CHUCK Coline Ba ide 


> 
i 
i~> 


poomenoee 
ae 





7% Tool Position Surface Feed 
4 DESCRIPTION OF OPERATION l Cuts 


. Hex.Turret | Cross-slide | R.P.M. re. tor Pin, per Inch 
l io Chuck (u sing Loader) atA - - 

Rough Face End - - 

Rough Bore B and C and Turn 10" dia. 
Support and Rough Vee Grooves - 
Support and Finish Vee Grooves - 
Finish Bore B and finish Turn 10” =. 
Finish Taper Bore C - - Rear 
Chamfer Vee Grooves - - . S.T.3 
' Support (unloader) and Part-off D - S.T.4 











S74 335 





Rear 
S.T.2 




















Floor to Floor Time: 28 minutes.. 
































Capacity : 
4i in. dia. hole through 
spindle. 
23 in. dia. swing over 
stainless steel bed covers. 


Spindle: 
Mounted in ball and roller 
bearings. 


Powerful metal-to-metal 


cone clutches transmit 
power through ground 
gears. 


OUR COMPLETE RANGE INCLUDES 
CAPSTAN AND TURRET LATHES WITH 
CAPACITIES UP TO 35 in. SWING OVER BED 
AND 8} in. DIA. HOLE THROUGH SPINDLE. 


Full details on request 


H.W.WARD & CO.LTD 


SELLY OAK //@) BIRMINGHAM 29 


TELEPHONE +4 SELLY OAK 1131 
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a D.C Solenoids with early 

delivery — “"~ 
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OPEN 
SHUT 


LIFT 
or DROP 


more efficiently with 


Westool make very good solenoids which 
are highly efficient and reliable. They are in 
use throughout the world in countless vital 
processes and production jobs. You can 
install them in your equipment with 
complete confidence. 

Westool offer you a wide range of A.C. and 
D.C. Solenoids and if required will design 
specially for your particular jobs. Write or 
*phone for further information or advice. 


ST. HELEN’S AUCKLAND, CO. DURHAM 
Telephone : West Auckland 317 (4 lines) Cables: Solenoid, West Auckland 


Export enquiries to Export Managers: Stamm & Partners Ltd., 59 St. Martin’s Lane, London, W.C.2 
Telephone : Temple Bar 5383 (10 lines) Cables : Stamstam, London 














Westoo! also make Coil Winding Machines * Transformers Coils * Warner Electric Brakes and Clutches * Grinders * Small Motors * Air Conditioners etc. 
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HERBERT 


INSPECTION BY PROJECTION 


Projection is the best method of inspecting 
small to medium size engineering and 
other products. 














It is by far the quickest method and saves 
the cost and maintenance of solid gauges. 


VY PR 


The range of Hilger Projectors covers the 
requirements of the toolroom, the inspec- 
tion department and the machine-shop. 





We have had a long experience in the 
application of these projectors to many 
kinds of work. 





Those who wish to improve their inspection 
methods are invited to send for our spe- 
cialist, who can give reliable information. 





Please send enquiries to:- 


Measuring & Inspection Dept. Head Works. 
*Phone: 88781 EXT. 139. 







en 





POET: 


-| ALFRED HERBERT LTD °* COVENTRY 


When replying to advertisements please mention the Journal 
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Lion- bucended 13 lion hewdled 


Strong as a lion, in fact, 


















in head and handle. 
Bedford hammers are 
forged from durable 
Sheffield Steel in the 
Bedford factory and the 
shafts are made from 
selected ash or hickory — 
supplied according to 
preference. All types are 
sold with or without 


handles. 


if it’s a good hammer it’s a 


BEDE 


JOHN BEDFORD AND SONS LTD LION WORKS SHEFFIELD 
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In five years no 
Lansing Bagnall 
motor has burnt out 


through overwork 


here is design—real design—BRITISH design 





FIRST FOR RELIABILITY . .. Complete reliability 
through years of hard service—that is what 
I.C.l. were looking for five years ago when 
they decided to buy MECHANISED MUSCLE 
. .. they had No. | of this series of Lansing 
Bagnall power units in their new PP truck—a 
series British industry knows to be trouble 
free. 


THEN FOR SAFETY . . . Many times more 
powerful than any man, power trucks can 
be that much more dangerous if mis-handled 
—but you just cannot operate a Lansing 
Bagnall truck wrongly — regenerative braking* 
and ‘dead-man controls’ stop accidents before 
they happen! Trucks can neither run away 
with you nor chase you down gradients! 


FOR SPEED AND MANCEUVRABILITY . . . Lansing 
Bagnall is way ahead—simply because the 
most powerful drive within the most compact 
power unit allows for the most compact 
trucks with the smallest turning circles. It’s 
as easy as that. When buying a truck to save 


lansing Bagnall 


ORIGINATORS OF ‘MECHANISED MUSCLE’ 


THE WIDEST RANGE OF MATERIALS HANDLING 
EQUIPMENT IN EUROPE 


LANSING BAGNALL LTD BASINGSTOKE HANTS 
TELEPHONE BASINGSTOKE 1010 





The remarkably compact 
drive and steer unit fitted 
to Lansing Bagnall! trucks. 


space buy a really compact job—buy 
“Mechanised Muscle’! 


ALWAYS FOR SERVICE. . . Weekly, monthly, 
regular visits—these are the services a user 
expects from a first-class supplier, so you 
certainly get them from Lansing Bagnall and 
arranged to suit your convenience. But in 
this instance you get service with a personal 
touch—you have not just bought a truck, you 
have bought the major factor to contribute 
to your increased output and you are already 
lowering costs. You have at your elbow the 
service of trained, experienced engineers, 
skilled and enthusiastic. It is as vital to them 
as it is to you that ‘Mechanised Muscle’ goes 
on as it is today, revolutionising industry and 
increasing prosperity with the finest trucks 
and the finest service facilities. Here is the 
British truck you can really rely upon. 


* Regenerative braking, ‘dead-man control’— 
two of the many exclusive patented features 
of Lansing Bagnall. 


Write to our Engineers’ Sales Division for 
our new free Compendium of ‘Mechanised 
Muscle’— showing the widest range of 
materials handling trucks in Europe. 
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More and more manufacturers are standardizing 


on 
(a) 
(b) 


(c) 


(d) 
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Fitted any good 
unions lately ? 




















a3 


Enots brass solderless unions because : 
They make a 100% leak proof joint. 


Fitting and assembling costs are 
reduced. 


The range of some 700 compon- 
ents caters for outside diameter 
tube sizes from }” to 14” and 
for pressures from 4,000 to 
1,000 Ib. per square inch, 
according to size. 


They are specially suitable 
for compressed air and 
hydraulic circuits. 













Enots standard pressure gauge (0-160 Ib. per sq. 
inch) fitted with solderless nut and sleeve 
which enables gauge to be tightened into position 
and facing in any required direction without all 
the usual troubles always experienced when 
the gauge is screwed. 


SOLDERLESS UNIONS 


We invite you to send for our catalogue SF854 which also 


includes details of copper, Bundy steel and flexible tubing, 


BENTON & STONE LTD - ASTON BROOK STREET - BIRMINGHAM 6 - ENGLAND 
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NEVEN 
LtMdtOUL 
TOOLS 




















CERAMICS, TUNGSTEN CARBIDE, GLASS, QUARTZ, STONE, GRANITE 


MINERALS, SLATE, SHELL, REFRACTORIES AND ALL HARD METALS 


IMPREGNATED DIAMOND PRODUCTS LID:-GLOUCESTER 





Telephone 21164-Telegrams-Impreg: Gloucester. 
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Magic Eye 
The product, cine-camera driving 
motors. The problem, to check the motor 
speed. But—to check it quickly, accurately, 
infallibly ; with the minimum of mental strain 

on an operator who is working at high speed. 
And — a complication: the speed-measuring 
instrument must not take any power from the 
camera motor. 

The answer? A beam of light: interrupted 
by the shutter on the camera. The magic eye 
counts the interruptions, electronic gear trans- 

lates them into r.p.m.—as a direct reading 
on a dial. Eureka? But electronic speed 
measuring is only one of the many 
aids to Productivity 
that electricity 
can bring you 


















Having a hand in Productivity 
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In every industry or trade, electrical equipment is the 
key to modern production methods. There are 
probably more production-boosting and money- 
saving devices than you know of. Your Electricity 
Board can help you and give you sound advice. 

They can also make available to you, on free loan, 
several films on the uses of electricity in Industry — 
produced by the Electrical Development Association. 

E.D.A. are publishing a series of books on 
“‘ Electricity and Productivity’. Four titles are 
available at the moment; they deal with Higher 
Production, Lighting, Materials Handling, and 
Resistance Heating. The books are 8/6 each (9/- 
post free) and the Electricity Boards (or E.D.A. 
themselves) can supply you. 


The British Electrical Development Association 
2 Savoy Hill, London, W.C.2 
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....the worlds best 
HACK SAW BLADE 


Made by James Neill & Co. (Sheffield) Ltd., and obtainable from all tool distributors 





uBIO 
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.. + to iron out 





the little 


woman’s problems 


Because we’re chivalrous enough 

to blench at the thought of her humping 
a heavy flat iron (it would lay us 
flat even to lift it); and ingenious enough 
to do something about it. Ingenious 
enough, in fact, to pressure die cast the 
really lightweight aluminium alloy sole 
plates for the latest Morphy-Richards irons. 
If you have a die-casting problem 
concerning aluminium alloys, perhaps 
we can iron that out too. 












iy (@ the whole in one 


BRITISH DIE CASTING AND ENGINEERING COMPANY LTD. 

EDWARD ROAD - NEW BARNET - HERTS - TEL: BARNET 9211 
ALSO AT WEST CHIRTON TRADING ESTATE - NORTH SHIELDS 
NORTHUMBERLAND - NORTH SHIZLDS 2100 
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are in widespread use for testing all kinds 
of prime movers. They operate upon the 
Eddy-Current principle and with the elec- 
tronic control normally employed, very 
desirable torque-speed characteristics are 
provided. 

















HEENAN & FROUDE LTD - WORCESTER » ENGLAND 
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MONO RADIAL VARIABLE DELIVERY PUMP 


nawless, in fact, wherever there are hydraulic presses and 






machinery that have a Mono-Radial in the circuit. There is a smooth, 
tiow and an infinite variation of output, irrespective of pressure, 
from zero to maximum with high volumetric and overall efficiency — these factors are 


firm in the Fraser pump. 





i ee ee 


Mono-Radial control valves 
provides for pressures up to 6,000 p.s.i. and capacities range up to are built with precision and 
virtually foolproof in 
operation, and the ports are 
arranged for one or more 
hydraulic supplies under 
manual, remote, or power 
operation. 


Fraser Variable Output Pumps are available in a range which 


36 g.p.m. at 940 r.p.m. 


We are always pleased to discuss pumps for any application 





and duty. 








ANDREW FRASER AND CO LTD -: 29 BUCKINGHAM GATE - LONDON SW1 : PHONE: VICTORIA 6736-7 
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The leading manufacturers of spark machining equipment 
in the world, have pleasure in announcing their latest 


SPARCATRON Mk. II Model 


With double head. 


This addition to the Sparcatron range of machines for 
spark machining has been produced as the result of 
requests for an equipment for use with large section 
electrodes to be operated to very close limits, and can 


be supplied with two heads as illustrated, or with a 
single head. 


The twin head model can be easily worked by one 
operator, and the heads operated separately, so that 
production per man hour is doubled. 


A further two or more heads may be used in conjunc- 
tion with the main control unit in some circumstances. 


Manufactured by: 


IMPREGNATED DIAMOND PRODUCTS LTD., GLOUCESTER, ENGLAND 


TELEPHONE 21164 (3 LINES) TELEGRAMS IMPREG GLOUCESTER 


of Production Engineers Journal 


For 
production of 
all types of 
dies and 
form tools. 
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THOS. W. WARD LTD. are pleased to 
bring this fine Italian built Automatic Milling 
Machine to British workshops. Built with 
the same meticulous attention to detail 
characteristic of all RIVA machines, the 
“RIGIVA” Model C400 will be found to be 
equally useful in production or in the tool- 
room. Deliveries of this and other machine 
tools in the “RIGIVA” range are reasonably 
early. 
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} 
This “RIGIVA” Automatic Special Purpose Milling Machine has been designed for the accurate 
production of cams and similar profile work. The machine can be used to mill or grind plate or drum 
j 4 cams in steel or cast iron. 
“RIGIVA” Model C400 is the ideal machine for production of work within the following dimensions:- 
Plate Cams—Max. diameter 24”, min. diameter 1". 
Drums Cams—Max. diameter 16”, min. diameter 2”. 
Sole Selling Agents for U.K. 
THOS.W.WARD LIMITED 
? | ALBION WORKS - SHEFFIELD 


| TELEPHONE: 26311 (22 LINES) TELEGRAMS: “FORWARD SHEFFIELD” 
LONDON OFFICE: BRETTENHAM HOUSE LANCASTER PLACE STRAND’ W.C.2. 
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Pallet 
Conveyors 


Portable Conveyor 


Complete Telpher 
Installations 


Sos ioe worth 
—— knowing 


anical Handling Systems Portable Sack Elevator 
are used in almost every 
industry in the world. 


Slat Conveyors 


Overhead Travelling Cranes 


Sand Conditioning Plant 


Overhead Chain Conveyors 


ee LONDON * BEDFORD HOUSE, BEDFORD ST., STRAND, LONDON, W.C.2 Phone TEMPLE BAR 72746 
P ATERSON HUGH | HIASGEE SIRMINGHAM - 3 HIGHFIELD ROAD, EDGBASTON, BIRMINGHAM 15 - Phone EDGBASTON 2957-8 
} NGINI } KING COMPANY 1imiTt D » GLASGOW - WYNDFORD WORKS, MARYHILL, GLASGOW ° Phone MARYHILL 2172-4 





SOUTH AFRICA * PATERSON HUGHES ENGINEERING S.A. (Pty) Ltd., P.O. Box 81! JOHANNESBURG, S.A 


MECHANICAL HANDLING ENGINEERS AND CRANE MAKERS 
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PRECISION GA S 
CARDORIZING HUMBER LTD. 
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Atty 
Ps ; 


o f \ 
MACHINER 


Yash, Me 
HOMOCARB | RWG Ais 


. ; GUN \ 
Drip - Feed 7 a . > aw KS 
Gas Carburising Furnaces Eipiy ZU» PAs 
Cys» = Ap sss 


TG, i 
Uniform case depth, maintained continuously batch oil a TT 
| after batch, is the result obtained by Humber and 


,° FS 
Hillman on gears and transmission parts at their “See D, 
Coventry Works from the above electrically operated “ ZA 


installation. And production is faster and at lower cost. 











Rolls Royce, Austin, Morris, International Harvester, 
etc., all use the Homocarb method. There could be no 
more convincing evidence of efficiency. 


| And remember there are special Homo Furnaces for 
Air and Steam tempering, hardening and nitriding. 


May we send you descriptive literature or, better still, why not take advantage of our 


FREE CONSULTATIVE SERVICE 


A member of our Technical Staff will wait on you with pleasure 


ee. 





INTEGRA, LEEDS & NORTHRUP LTD. 
os a 183, BROAD STREET, os BIRMINGHAM, 1[5 


1-8 ‘ Telephone : MIDLAND 1453/4 Telegrams : FLOMETER, BIRMINGHAM 
Works at Birmingham 
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YOU INCREASE 
THE PRESSURE TO 
SUIT THE SECTION 











AND THAT’S WHAT THE 





HYDRAULIC CONTROL 
SAWING MACHINE 


WILL DO FOR YOU WITH BLADES 
OF ONE PITCH OF TOOTH 


oa aie ae ee 





The blade commences and finishes each cutting stroke 
with no pressure whatsoever. What a saving in blades! 


FAMOUS FOR SPEED, ACCURACY AND RELIABILITY Models for capacities 6” x 6” to 12° x 12” 
SEND FOR DETAILS TO: 





CHARLES WICKSTEED & CO. (1920) LTD. - STAMFORD ROAD WORKS, KETTERING TEL.: 3113-4 
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3113-4 
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Certified... 

































2 7 2 —" ‘ 
ane LINC Alloy Die Castings | 2:0. svining2.s0..4.merien 
ADVANCED PRESSURE DIECASTING CO. LTD., 


The British Standards Institution, in collaboration with BIRMINGHAM. 


ALLOY PRESSURE DIE PRODUCTS LTD., 
WILLENHALL. 


the Zinc Alloy Die Casters Association, has introduced ARMSTRONG PATENTS CO. LTD., BEVERLEY. 
THE BIRMINGHAM ALUMINIUM CASTING 
a certification scheme for zinc alloy die castings. Under Nia Toate ne 
" . - _ NEW BARNET AND NORTH SHIELDS. 
this scheme, zinc alloy die casters may be licensed by BURDON & MILES LTD., ENFIELD HIGHWAY. 
CLIFFORD COVERING CO. LTD., BIRMINGHAM. 
the B.S.I. to use the Kite Mark Y on their castings as Savy Sadanonen tebe RE. 
= LONDON, S.W.I9. 
3 a guarantee that they are produced under strict analytical SS 


Hills Precision Die Castings Lid., BIRMINGHAM. 


control and subject to inspection by the B.S.I., and that JOHN IRELAND (WOLVERHAMPTON) LTD., 
3 » ae WOLVERHAMPTON. 
4 they comply with British Standard 1004. sodanen Lenetaneeaande tcaeelcanes, 


METAL CASTINGS LTD., WORCESTER. 


Certified castings normally bear the Kite Mark Y, METROPOLITAN PLASTICS LTD.,LONDON, S.E.8. 


ORB ENGINEERING WORKS LTD., MANCHESTER. 


mRNA 


“B.S.1004” and the die caster’s name, trade mark,* or a To ee 
5 ‘ . THE SHAW FOUNDRY CO., WILLENHALL. 
STREBOR DIECASTING CO. LTD., RADCLIFFE. 
B.S.I. licence number. To ensure complete satisfaction en a. 


WESTERN DIECASTING LTD., BRISTOL. 
we recommend that, on all your orders, you should WOLVERHAMPTON DIE-CASTING CO. LTD., 


‘ WOLVERHAMPTON. 
specify: ‘Certified zinc alloy die castings’. Se ee 
*Indiceted in the illustration above by the star. 


ZING ALLOY DIE CASTERS ASSOCIATION 


34 BERKELEY SQUARE, LONDON, W.1 : TELEPHONE: GROSVENOR 6636 
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12’x 12’ x 8’6” Airless Blast 
Cleaning Room with 

3 Centriblast Impellers and 
Compressed Air 
“Spotting” Equipment. 
The 10’ dia. Power 
Traversed Bogie carries a 
10 ton load to the 
Power Rotated Floor. 








The Power Operated 
Rise-and—Fall Door 
together with Bogie 
Traverse, Impellers, Shot 
Return and Reclaim 
System are sequence 
controlled by the “Push 
Button”’ Starter Panel. 
Dust Control by 
“Spenstead” Rigid Screen 
Filter and Clean Air Fan 
complete 





A FIRST-CLASS INSTALLATION 
SPENCER AND HALSTEAD LIMITED 


BRIDGE WORKS OSSET YORKSHIRE Telephone: OSSETT 821/4 (4 LINES) 
We are LONDON: EPSOM 220! <* BIRMINGHAM: EDGBASTON 1539 
not far away GLASGOW: CENTRAL 5909 -*- MANCHESTER: DENTON 2934 
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EXCEPTIONAL ACCURACY 
HIGH DEGREE OF FINISH 


*& INFINITELY VARIABLE 
SPINDLE SPEED 
AND TRAVELS 


Ss 





Design Features include: 


All scales and dials clearly marked and 
equipped with optical microscopes for 
extremely fine settings. 








Slide-ways hydraulically actuated. 






Optical Precision Circular Dividing Table 
available, reading in seconds of a degree. 










Facing and milling operations also handled. 






Boring feeds from table slide if necessary, 
thus avoiding spindle deflection. 





The machines illustrated are installed at the Works 
of Bryce Berger Ltd., Staines, engaged upon the 
high precision production boring of intricate 
castings and forgings used for high priority work. Send for detailed catalogue 













SOLE U.K. DISTRIBUTORS 


D 

) DOWDING & DOLL LTD 
346 KENSINGTON HIGH STREET, LONDON, W.14 

39 Telephone: WESTERN 8077 (8 lines) Telegrams : ACCURATOOL HAMMER LONDON 

4 
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JIGS - FIXTURES & GAUGES 


PRESS TOOLS - MOULDS AND 
SPECIAL PURPOSE MACHINES 


Our commitments are heavy but we welcome an 
opportunity to study your requirements for 
inclusion in our production programme where 
possible. 
































Up-to-date shops specially laid out and equipped 
for making, on a production basis, every type of 
precision ground gauges; limit snap, form, calliper, 
taper and special purpose gauge, as well as jigs and 
fixtures of all kinds, press tools moulds and special 
purpose machines. Highest class workmanship 
and accuracy guaranteed. 


Guaranteed 
Precision 
Accuracy 

































































ee ae oo pe & GAUGES LIMITED 


HARPER ROAD . WYTHENSHAWE : MANCHESTER 


Phone:- WYTHENSHAWE 2215 Grams: PNEUTOOLS, PHONE 
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With a range of 18 spindle speeds from 

80 to 2,000 r.p.m. and four rates of auto- 

matic longitudinal table feed for each speed, these machines are capable of handling a very large range 
of work at fast rates, Table working surface 10” x 31”. Maximum distance spindle nose to table 18 in. 


N.B. Illustration shows the milling of valve bodies at Rubery, Owen & Co. Ltd., Darlaston. 


JAMES ARCHDALE & CO. LTD BIRMINGHAM 16- SOLE SELLING AGENTS: ALFRED HERBERT LTD COVENTRY 
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Sternol Soluble and 


Straight cutting oils can be ‘y i 
CUTTING 
OILS 


used on any metal, whether 
of a ferrous or non-ferrous 
character. Being Sternol in 
quality, they prove most 


economical in the long run. 


* Free booklet $S638 lists the oil for 
each operation. 


STERNOL LTD., ROYAL LONDON HOUSE, FINSBURY SQUARE, LONDON E.C.2 
Telephone : MONarch 3871-5 
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LIGHT SERIES bil siail ‘ % 
These joints are designed 
specially for the aircraft — 
industry and are of fight 
loy (Spee. 40) anodis:<. 
runnion pins in hardened — 
and ground steel, cadmium 
plated. They withstand 
some tension and compres- 
sion loads and afe available — 















Hooke’s Mitancd joints 


for high speed dependability 
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Aooatdand fast 


the story of 
\\) Read 


Trade Mark 


a Metro-Cutanit Product 


tips and tools 


NO. 6 IN A SERIES: HEAT TREATMENT OF CARBIDE TIPS 


The heat treatment—known as sintering—of the pressed blocks of carbide 
in the shapes of finished Cutanit tips converts them to hard, dense 
metallic bodies. To make certain that Cutanit tips and tools 
line up to their reputation for precision cutting over a very 
long period a method of fine control over temperature and 
furnace atmosphere in their manufacture is used which was 
pioneered by Metro-Cutanit. The degree of vacuum 
and the furnace conditions are controlled and 
varied at will in Metro-Cutanit’s 


sintering plant shown here. 


WM JESSOP & SONS LT JJ SAVILLE &€ COLTD 
BRIGHTSIDE WORKS SHEFFIELD -| TRIUMPH WORKS SHEFFIELD 
Z 























Enquiries to: SMALL TOOL WORKS 
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“ Newallastic” bolts and studs 
have qualities which are abso- 
lutely unique. They have been 
tested by every known device, 
and have been proved to be 
stronger and more resistant 
to fatigue than bolts or studs 
made by the usual method 


POSSILPARK GLASGOW-N 
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HORST MAN 


Specialists in 
PRECISION 


fate Horstmann Precision Gauges are noted for their 
accuracy and long life. 


The new patent Caliper Gauge Model 52, embodies 
features which ensure easy handling and rapid but 
accurate gauging. 


It is particularly suitable for shouldered work. 


Send today for descriptive leaflet 





THE HORSTMANN GEAR CO. LTD. 
NEWBRIDGE WORKS - BATH - ENGLAND 
Telephone; BATH 7241 (3 lines) 
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BRISTOL AEROPLANE COMPANY, LIMITED. 


ENGINE DIVISION (RODNEY WORKS) 

mies 
| FILTON HOUSE, BRISTOL, ENGLAND. —— 
| A TeLePrOrt 


mulon tea) Get 
Lee ten «(OS 0880 


4 gr/ PUR/ JAR/OEBe 
4st Decenber, 19546 


Glostics Limited, 
Tuffley Crescent, 




















 Gloucestere 
For % t f tir 
Dear Sirs, 






Pcive below the comparabLe + 
wee c Tron, Tungsten Carbide and Gaxbon 
Pride Nozzles when using Aluninous Oxide G 


Chilled Iron 





Tungsten Cerbide- 










Cerbon Tetra Boride 
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1 under s@perat 
Nepozzie for soe 
geyen us four 0 


We are 2iso forwarding to 
over one used Carbon Tetre Bo 
enination; this nozzle havir, 
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nicht also 3dd that you are f to se 
. blicity campaign 4s having obté : 


thank you for your COmOPCTS ee 









’ Yours faithfu 
WM B2ISTOL ABROPLAYR COM 
Vo age 
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GTB nozzles outlast them all 


es A +s” bore Carbon 
= «sa ms Tetra Boride Nozzle 
Glos ties L td | with tapered lead-in 
a after four months use 

with alumina shot. 
Note:—The bore at the 
nozzle throat is only 


3,” larger than when 
new. 


AGENTS - IMPREGNATED DIAMOND PRODUCTS LTD 


TUFFLEY CRESCENT - GLOUCESTER 











im The Institution of Production Engineers Journal 













} 


- 


.-IT’S HARD TO BEAT THE 


MOOK ORD 


MODEL M612" 
CYLINDRICAL GRINDER 


The MG.12 is capable of repeated accuracy, and 
is the World’s finest value. Specification includes a twelve 
speed Workhead, a cartridge type wheel spindle unit with 
nitrided spindle, and many other desirable features. Its 
capacity is 3” X 12” and it is equally suitable for Toolroom 
Grinding or Production Work, as basic equipment or as 
an auxiliary to larger machines. 


Gad foe clad -MWOW! 


MYFORD ENGINEERING CO. LTD. 
BEESTON NOTTINGHAM 
TELEPHONE BEESTON 25-4222 (3 LINES) 


SE NG e° 
FOR PREDUCTION GRIND! 








I must be... 


: Durachrome treatment gives a surface of 
exceptional hardness (910/930 Vickers Dia- 
mond) which resists abrasion and corrosion. 









Cylinders, shafts, rams and all heavy duty 
components have a greatly increased life by 
Durachrome application of hard chromium. 
One part or production quantities can be 
treated. 

Estimates and full particulars from 


DURACHROME L? 


171-177, ILDERTON RD. LONDON. S.E.I6. 
i Telephone: BERMONDSEY 2883-2884 
CHROMIUM — , 
SPECIALISTS 








we 0 LN Durachrowe | 


( REGISTERED . TRADE MARK ) 
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—by the company we keep 


— The company we keep is exacting company. In our 
dealings, whether with banker, steelmaker or industrial 

{ chemist, we must continually measure up to 
uncompromising and searching standards of achievement 
and stability. 

Our concern is with any business with a problem which 
can be solved by punched card methods — electrical 

or electronic — a fact which can only be discovered by 


talking the problem over. 





ee ee eee NOLERITA 


PUNCHED CARD 
ACCOUNTING 


THE BRITISH TABULATING MACHINE CO LID 


Offices throughout Great Britain and Oversea 











J HEAD OFFICE: 17 PARK LANE, LONDON, W.1l TELEPHONE: HYDE PARK 8155 
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mts your problem? 


Insulation? Protection? Silencing? Sealing? 


Simple or complex, Redfern’s will help to solve it. We have the 
experience, capacity and resources for economical bulk produc. 
tion of moulded components and extruded sections in natural 
and synthetic rubbers, and ebonite. Plan with all the knowledge 
of our technical staff at your elbow — we are always pleased to 
advise on the use of these versatile materials, and translate de. 
signers’ ideas into terms of efficient production. Send us your 
enquiries—we will do the rest! 

Literature is available describing our service — MOULDINGS ... 
EXTRUDINGS . . . anti-corrosive LININGS & COVERINGS .. . FLOW 
FITTINGS (piping, cocks, tees, etc.,) . . . chemical-resisting 
UTENSILS . . . FABRICATED PARTS to specification. 

A request to add your name to our mailing list will keep you 
up-to-date with publications dealing with any of these items. 





REDFERN | 


RUBBER & EBONITE 


WILL HELP YOU SOLVE IT! 


REDFERN’'S RUBBER WORKS LTD - HYDE - CHESHIRE 


TP .302 








NORTHERN AREA OFFICE: A. V. Green, Britannia House, Wellington Street, Leeds LONDON AREA OFFICE: A. J. Percy, 240, Romford Road, 


Forest Gate, London, E.7. 
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with Metropolitan- Vickers Turbo-Generators 


By adopting Metropolitan-Vickers pass-out turbo-generator sets,many 
industrial organisations using steam for processes or heating have found 
it economical to generate electrical power at little additional fuel cost. 
The company produces condensing and pass-out turbo-sets from 


250 to sooo kW AC or DC. These small power. sets have been 


Th : : : : . 5 ‘ : 
ree 3750 kW pass -out adopted in paper mills, plastics manufacture, textile production, public 


turbo - generators have been oa A ; “ 
8 utilities, chemical and oil plants throughout the world. Please write 


built by Metropolitan- 


for publication 2/1. 
Vickers for British Enka Ltd. | peer 





METROPOLITAN -VICKERS 


Ne ne es 


ELECTRICAL CO LTD TRAFFORD PARK - MANCHESTER 17 





Members of the A.E.!. group of companies. 


Self-contained Turbo- generator Sets 


When replying to advertisements please mention the Journal 
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Here is the simple answer to your part numbering 
problems —a precision set of hardened steel type 
enabling you to make up any combination of letters 
and figures. 

Pryor Interchangeable steel type is made in seven 
sizes 1/32”, 1/16”, 3/32”, 1/8”, 3/16”, 1/4”, 3/8’’ and 
is available from stock as a complete fount (as 
illustrated) or as individual pieces and holders for 
hand or machine use. 


EDWARD PRYOR & SON LTD 


BROOM STREET ~- SHEFFIELD - ENGLAND 
PHONE SHEFFIELD 23161 (5 lines) 





INDUSTRIAL CLEANING MACHINES 


can be designed to meet your 


HERE ARE THREE particular cleaning problems 


EXAMPLES 








small parts in baskets. 








This illustration shows a machine A power driven conveyor system is Trays carrying the work are pushed 
cleaning crank cases in the production employed with this cleaning machine through on a roller conveyor by hand 
line. It is equally capable of cleaning for ball bearings. 





in this cleaning installation. 








Whilst offering a very wide variety of standard cleaning 
equipment, it is BRATBY policy, wherever possible to 
design the machine to meet the particular .cleaning 
problem. Careful study of each individual problem 


Designed and Manufactured by: 


ensures maximum efficiency and economy of the plant 
in operation. The illustrations show but a few of the 
specific types of Cleaning Machines designed by 
BRATBY for individual needs. 


BRATBY & HINCHLIFFE LTD. SANDFORD ST - ANCOATS - MANCHESTER 4 
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Runs into millions 


DOUBLE SIX! 


Amazing results are always being reported from users of our Double Six die steel. This 
high-carbon, high-chromium steel stamped 4,172,000 clips of 4 in. X 0.018 in. annealed 
spring steel, and 3,308,000 clips, 11/16 in. X 0.018 in. of the same material. Reduction in 
die thickness after these long runs was only 0.030 in. and 0.010 in. respectively. Retouching 
of the die alone was required after punching 2,125,000 bi-metal electrical contacts from 
0.156 in. X 0.0086 in. phosphor-bronze-silver, and only repolishing was needed when 
1,500,000 drawn housings of 1 in. X 0.028 in. deep drawing mild steel were produced. 
Non warping, non-distorting, perfectly uniform in composition, Double-Six is the die steel 


that pays ! 
EDGAR ALLEN 


DOUBLE SIX 


Write for details, using 1) IF i ' L 
the request form 


| MPI toe oe 


Sheffield 9 


Please post “Special Alloy Tool Steels” 
booklet to: 


| B EDGAR ALLEN & CO-LIMITED 
“ee IR | IMPERIAL STEEL WORKS - SHEFFIELD-9 


Address 


To Edgar Allen & Co. Ltd., | 
| 














TELEPHONE : SHEFFIELD 41054 TELEGRAMS : ALLEN, SHEFFIELD 9 
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When replying to advertisements please mention the Journal 
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RUSSELL 








The Russell Hydrofeed range 
includes : 


e Straight and angular cutting 

models ¢ Automatics ¢ Verticals 

e Special Billet cutting models 
Patented Features : 


@ Interlocking Vices — for easier 
setting @ Hydraulic Circuit — 
for efficient cutting 


S. RUSSELL & SONS LIMITED 
LEICESTER, ENGLAND 


Backed by over 40 years’ specialised experience 
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SHARPENING 
MACHINE 


Capacity 


Hl” to 48° blades 


COLD SAWING 
MACHINE 


futormatic 
bar feed , 





eliminate 
trailing troubles 


Long, trailing leads are a constant source 

of danger and trouble. The EMS Trolley Duct Feed Rail 
enables the actual power supply to move with the machine 
on portable tool installations, conveyor systems, 

movable pendant lights and all similar electrical equipment. 

The system can be extended or modified act will, ensuring 
maximum flexibility, and is suitable for any 

250 volt AC or DC supply. 


TROLLEY DUCT 
FEED RAIL 


E.M.S. ELECTRICAL PRODUCTS LTD 28-32 THE BUTTS COVENTRY Tel: Coventry 61091 Grams: Despatch Coventry 
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HAND TIGHT ? 


OR WRENCH TIGHT 


A calibrated wrench shows us that Unbrako socket screws will stand far greater 





torsional strain than other screws of the same size without distorting or breaking. 
Higher predetermined tightening torques can therefore be applied on assembly 
with subsequent assurance of increased resistance to slackening, and safety 
under conditions of dynamic loading. 

This is just one more link in the production 


chain from research to final approval of the UN I () 
finished screw, which ensures that Unbrako 


screws will give unsurpassed service life. 





UNBRAKO SCREWS COST LESS THAN TROUBLE 
UNBRAKO SOCKET SCREW CO. LTD. COVENTRY 


When replying to advertisements please mention the Journal 
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PRESS TOOLS 
SPECIAL TOOLS 
PLASTIC MOULDS 


DIE-CASTING TOOLS 


UNIVERSAL TOOLS LTD 


TRAMWAY PATH, MITCHAM, SURREY MITcham 6111 








Wadkin Parting-off Saw C.Y. 


Wadkin 


Telephone: Leicester 67114 


A better method of cutting 
NON - FERROUS BARS 


This Wadkin C.Y. with its easy 
downward cutting action; its 
combined single lever clamping 
and sawing motion; its capstan- 
wheel operated feed and its chute 
in the main frame provides a faster 
and better method of repetition 
sawing off. It will deal with bars 
up to 4” X 24” or 3” round. The 
work is clamped on both sides of 
the saw ensuring clean cutting and 
after the cut has been completed 
it is still held firmly until the saw 
is raised clear. Components up 
to 9” long fall through the chute 
but if required the machine can be 
arranged with extended table for 
cutting off lengths up to 42” long. 


Telephone: MAY fair 7048-9 
Wadkin Ltd., Green Lane Works, Leicester. London Office: 62-64 Brook Street, London, W.1. 
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insti COMBINES THE HIGHEST PRECISION WITH 
ROBUST CONSTRUCTION © MAG. UP TO 1,000X 
Combining the following features: Dead centre, adjustable drive 
for zero settings, large vernier screen reading direct to 6 secs. 
(estimation 3 secs.) and conforms to N.P.L. Specification 
MOY/SCMI/56. 
Ss MAIN DIMENSIONS 
| Height of Centres...........-..esseee 42” (117.5 m/m.) 
Centre Distance (on Base) ......... 24” (610 m/m.) 
Size of Face Plates ...........sseeeseeee 73” dia. (199 m/m.) 
asy Size of centres ...... woste-cobsetoseses No. 2 Morse Taper 
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be GRINDING, LTD. 
und MILL GREEN RD., 
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aw *Phone : MITCHAM 3014 
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Steam 





is a Raw Material.... 


it disappears in the course of production but its cost 


remains in the price of the product. 


How much does steam cost you? 


| 


Write for details of advisory services to:— 





Head Offic 


aL INDUSTR,,, 


ake BS: 


“Ue EFFICIENCY st® 
t London W 
e: 71 Grosvenor Stree 





Telephone: Hyde Park 9706 





—— 
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Horizontal Horizontal with 


Broach Support 


Broach Sharpener BRITISH MADE 





THE LAPOINTE MACHTNE 


OTTERSPOOL - WATFORD-BY-PASS - WATFORD - HERTS 


pioneers in the art of BROACHING 





Vertical 
Press Vertical 
Surface Vertical] 

Internal] 





/ (ae 


TELEPHONE - GADEBROOK 3711 (4 LINES) 
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These typical double cold bends 
show the remarkable ductility 

of Wrought Iron. Essentially 
fibrous in its structure, Wrought 
Iron possesses an exceptional 
toughness which gives it a high 
resistance to vibration and 

sudden shock—properties which it 
retains inder severe 

cooling and heating stresses. 


- 








Here is a face that says ‘danger’; but 
danger is not always so easily identi- 
fied. Today, and every day, human life 
everywhere depends on such hidden 
factors as the strength of a coupling 
ora cable chain. For equipment that 
carries such heavy responsibilities, it 
is safer to specify Wrought Iron. 

The toughness of Wrought Iron 
is unequalled. Besides withstanding 
shock and overstrain, it staunchly 
resists rust and corrosion. Contain- 
ing slag inclusions which reinforce 


LXXiii 


Wrought 
Iron 
keeps 
Danger 
at a 


Distance 


its own susceptibility to welding, it 
is for many purposes both safer and 
more economical than mild steel as 
a long-term proposition—especially 
under exposed or wet conditions. 
Wrought Iron in strips and bars 
and in a variety of sections is pro- 
duced at the Midland Iron Works 
for innumerable uses. We will gladly 
send you a free copy of our Section 
Book, and our technical representa- 
tive is at your service for consultation 
on any Wrought Iron application. 


The Midland Iron Co. Ltd 


MIDLAND IRON WORKS 


ROTHERHAM 
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The “LWICKY-AMIET?’ precision pRitL GRINDER 


MODEL 03-6 













for drills of diameter ranging from 


- " _ " 
008" to °25 
left hand, right hand or straight flute; 
Point angle from 60° to 180°; 
Cutting angle from 0° to 30°; 
Centring accuracy less than ‘0004’. 


The drill is ground on the FOUR-FACET principle, which gives a 
keen, clearly defined cutting edge as shewn below:- 


For fully descriptive leaflet and details of demonstration service please write to:- 


G. ZWICKY (LONDON) LTD. 


193 - VICTORIA STREET - LONDON - S.W.I - Tel.: ViCtoria 0370 








WHEN YOU ARE WANTING NEW 


AIR COMPRESSORS 


DO NOT FORGET THAT WE HAVE 
A COMPLETE RANGE TO SUIT ALL DUTIES 





Whatever it is you need—large or small capacity— 
high or low pressure—we can supply the best 
machine for the purpose, and our fifty years 
of specialised experience are at your service. 


REAVELL & CO. Lt. 


IPSWICH 
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One of the most interesting 

features of the Prestige ‘ Imperial’ Food 
Mixer, is that the makers give with it 

a five-year guarantee. We regard this guarantee 
as a fine tribute to the quality and prestige of 
our castings which form the body, handle and gear. 
Our reputation for quality and precision 
has brought its problems. 





As the demand for quality die casting has risen 
it has been a matter of regret that for 

some time we have been unable to accept 
orders from new customers. In order to meet 
these demands we have undertaken a major 
development programme. The installation of 
a considerable amount of plant is now 
complete, enabling us once again 

to turn our attention to enquiries from 

new customers. 





Photograph reproduced 


by kind permission of a 
Platers & Stampers Ltd. 
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“aIr“¢ PRECISION CASTINGS CO. INC. (US.A.) sii 
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THE WOLVERHAMPTON DIE CASTING COMPANY LIMITED 
GRAISELEY HILL WORKS - WOLVERHAMPTON TELEPHONE 23831/6 
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The 


GLEDHILL-BROOK J-M-C 


PORTABLE 
TIME RECORDER 














This handy, portable Time Recorder meets 
every requirement in small establishments 
but it is designed to supplement rather than replace the 
range of large scale GLEDHILL-BROOK Clipper models. 
The J.M.C. Clipper prints on the face of the card—where the name appears— 
recording arrivals, departures and the job process on and off. 

Well built steel case with cellulose finish and 8-day mechanical 


clock movement. ‘‘G.B.’’ patent electric movement if required. 


For full details and illustrated leaflet write to 


GLEDHILL-BROOK TIME RECORDERS LIMITED 
20 EMPIRE WORKS, HUDDERSFIELD. 








The most practical plant 





for Gleaning METAL PARTS 


PRIOR TO ASSEMBLY, and BEFORE and AFTER REPAIRS 





A ‘ Junior’ 
Motor Car 


Dawson 


DE - GREASING 
MACHINES 












A machine supplied to a Midlands 
orks 





A Rotary Drum hi for ing swarf and 
grease from small components. 





Supplied for the washiag and drying of Tractor A model ‘A’ machine, washing parts of motor 
parts. Crank Shafts, Sumps, Pressings, etc. car engines prior to assembly- 


Dawson Metal Parts cleaning machines are supplied for all branches of the engineer- 
ing industry. Their chief characteristics are robustness of design, small number of 
working parts and simplicity of operation. Space only permits the illustration of four 
of the many types of machines built for quick economical washing and drying of 
Metal Parts. 
Sole Distributors 
DRUMMOND - ASQUITH (Sales) LTD., King Edward House, New St., Birmingham 
Telephone—Midland 3431 

Manufacturers—DA WSON BROS. LTD., Gomersal, LEEDS London Works—406 Roding Lane South, Wood- 

Tel.—Cieckheaton 1080 (5 lines) ford Green, Essex. Tel.—Wanstead 7777 (4 lines) 
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the new 
lightweight 

material 
that is making 
such rapid 
headway 


structural plastics 










Already well known for their more spectacular applications, such 
as moulded boat hulls and motor car bodies, structural plastics 
offer unending economic possibilities for light, strong 
products of modest dimensions. Protective headgear, for 

instance, and many items of service or personal equipment 
made from structural plastics would be essentially light and 
yet have specific strengths comparable with steel. In these, 
as in structural engineering applications, wherever weight/strength 
problems arise or high resistance to corrosion is a prime requirement, 
structural mouldings may well provide the answer. Why not get in touch with B.I.P., 


the polyester resin people— perhaps they can help take weight off your mind! 






Consult What are 
B-i-P 

structural 
Services 


plastics? 


Structural plastics consist of a reinforcing agent, 
such as glass fibre, bonded with a synthetic resin, 





B.1.P.—makers of the 
highest quality polyester 
resins — gladly offer the 





full resources of their 
Research, Development 
and Design Services to 
manufacturers interested 
in the potentialities of 


structural plastics. 






most commonly a polyester type resin. 
Polyester/glass fibre mouldings can be made either mechanically 
or by hand fabrication and their essential characteristics are... 
Lightness combined with strength — specific strengths comparable 
with steel. 

High resistance to corrosion by a wide range of chemicals, 
including some acids, and to all but excessive heat. 

Excellent electrical properties— high breakdown and low power factor, 
combined with good insulating and non-tracking properties. 

Unlimited colour possibilities—in opaque or translucent shades. 







B-i-P/Chemicals Ltd Oldbury, Birmingham - Telephone : Broadwell 2061 


LONDON: 1 Argyll Street, London, W.1 + Telephone: Gerrard 7971 
MANCHESTER: 79 Mosley Street, Manchester 2 + Telephone: Central 9014 


When replying to advertisements please mention the Journal 
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SUPER CENTRE 
>> A permanent Hardened and Ground Socket 
with RENEWABLE HIGH SPEED STEEL 
3 INSERT. Standard inter-changeable 
inserts enable centre to be 


Bes, quickly replaced. 


STANDARD SOLID CENTRES 

Precision ground to give 

perfect concentricity. Tapers to 

standard gauges. Made in High Grade 

CARBON ALLOY STEEL, => HIGH 
SPEED STEEL BUTT WELD 


ARCHER 


BALL & ROLLER BEARING TYPES 


REVOLVING CENTRES 


All types of centres are made from the best grade 
steel, and are designed to give greater efficiency. 
Take higher speeds, and remain true under the most 
strenuous conditions of present day engineering. 


“7% ‘Revolve with the work te ASK FOR LISTS NOS. 50B and 85 
) ; and can thus stand up to the 


higher, specds and heavy ~~ FRANK GUYLEE & SON LTD 


engineering practice. 


REVOLVING CENTRES 





ARCHER TOOL WORKS - MILLHOUSES SHEFFIELD - 











INTERNAL & 
EXTERNAL 














MODEL ZETTO 20 
GRINDING ACCURACY 0:0002” 
CONCENTRICITY OF WORK 0-00008’ 


Smaller parts are more accur- 
ately ground on Zetto Precision 


Grinding Machines. Ideal for the accurate manufacture of small parts such as sewing 


machine and typewriter components, and parts for watch and 
clock manufacture. 


External Grinding Internal Grinding 
Max. dia... fae Neck fs” Max. grinding dia.... ... 14” 
EARLY Grinding length ns 4ih” Max. grinding length— ¥ 
Distance betweencentres 7” WOU was ee 
DELIVERY Centre height Be ex: Tae in a collet... 3 


Also available is the 
Model Zetto 30, Internal Grinder. 


p=” «Our Showrooms are only a few minutes from London Airport. 


Nitture Ted Crmpuny Limtlal 


Sole Selling ligenia 





HAMPTON ROAD WEST-HANWORTH - FELTHAM - MIDDLESEX 
Phone: FELTHAM 4266 Cables & Grams: SHIPMENTS, FELTHAM 
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, pcre rigid a 
* Takes cutters up to 30” dia. 
* Six cues speeds 

* Twelve changes of feed 

* Table size 90” x 36” 

* Nett weight 17 tons 


* Also manufactured with tra- 
versing column, twin heads or 
other special arrangements 


Write for full details 


(A) 
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HENRY BROADBENT LTD. 
SOWERBY BRIDGE - YORKSHIRE 


When replying to advertisements please mention the Journal 








‘You'd better 





At oS lb 


underline rubber... 


For over a century when a problem 
like that has arisen, men responsible 
for production planning and buying 
have thought at once of P. B. Cow. 
Knowing the vast resources of the 
P. B. Cow organisation were always at 
their service. 

Today, we are proud to offer an 
unparalleled service to every industry. 
A large team of experts, experienced in 
the latest and most up-to-date methods 
of production, is available to solve 
your problem. Experts who will bring 
to the job all the knowledge acquired 
in advising and supplying leading 
companies the world over. 

So whenever you have a problem 
that concerns rubber, write or phone 
for one of our technicians to call. He 
will be fully qualified to help and 
advise you. 


P. B. COW SERVE 
Agriculture 

Dairy 

Motor Car 

Radio 

Television 
Shipbuilding 

Public Utilities 
General Engineering 
Pharmaceutical 


WE SPECIALISE IN: 
Production of 

Rubber to Metal 
bonded parts, Anti- 
vibration and Resilient 
Mountings, Oil Seals, 
Handmade Fabricated 
Parts, Proofed Fabrics 
in Natural or 
Synthetic Rubbers 

for every purpose, and 
Air Buoyancy work 
of all descriptions. 


... get in touch 


with P. B. COW 


RUBBER THAT IS RUBBER 
P. B. Cow & Company Ltd., Rubber Manufacturing 
Specialists for every Industry. Industrial Division : 


470 Streatham High Road, London, 
Phone: Pollards 4481. 


S.W.16. 
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SPARKLETS 








(DEPT. DB) 
QUEEN STREET, LONDON, N.I7 
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“BROOM WADE” & 


helps build better © 9 Ree ~ 
baths in Belgium _— f ~ q ANT LA 


“ BROOMWADE ” compressed air 
figures largely in the construction of 
bath tubs at Fonderies Dumoulin, 
Farciennes, supplying air for the 
operation of foundry rammers and 
the porcelain enamelling process. 
Two D type “ BROOMWADE” 
stationary compressors meet the 
requirements for compressed air. 
“ BROOMWADE” is saving time 
and money in foundries all over 
the world . .. ramming, fettling, 
chipping, grinding, etc. . . . saving 
man-hours, showing bigger profits. 
It certainly pays to 
call in “ BROOMWADE”. 


"BROOMWADE. 


Aids industry everywhere 


BROOM & WADE LTD., P.O. BOX NO. 7, HIGH WYCOMBE, ENGLAND. 


Telephone: High Wycombe 1630 (10 lines) Telegrams: ““Broom’”’ High Wycombe 





3138A5 
When replying to advertisements please mention the Journal 
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FLETCHER \¢ (2 
MILLER “™' 


CUTTING FLUIDS 


undoubtedly help to keep on A 
that weekly production target. A A: 


Publication S.P.173 describes the entire range of Fletcher Brag Am 
Miller cutting fluids. May we send you a copy? 








FLETCHER MILLER LTD . ALMA MILLS ° HYDE ’ CHESHIRE 


Telephone : Hyde 781 (5 lines) Telegrams : Emulsion, Hyde 





CF93 




















Motion matters as much in industry as in sport. """" 
Take barrel finishing for example. Barrel finishing, or its equivalent, 
was probably known in ancient Egypt and has been used throughout the a 
centuries with little improvement in technique until Polymotion was developed. 
Polymotion has made barrel finishing a precision operation by the introduction of a 
‘ figure-of-eight ’ motion to the rotary smooth rolling of media and parts. 

More efficient, working faster and better, the Polymotion machine processes bigger 
work loads more economically. 

Whether deburring, surface-honing or preplate finish is required, the versatility of 
the Polymotion Method adapts the process to the problem. 

Write for brochure which fully explains Polymotion and its varied uses 


Polymotion 


BARREL FINISHING MACHINES 
















SEND SAMPLES 

of your products to the 
Polymotion research and 
experimental department 
We will process them and 
report on their suitability 
for barrel finishing. 

We also offer a_ barrel 
finishing service 





























FOX CHEMICAL ENGINEERING WORKS LTD., 
Maybury Gardens, Willesden High Road, Willesden, N.W.10. 
Telephone: Willesden 620! 






Scottish Representative 
Angus and Crichton (Sales) Ltd., 203, West George Street, Glasgow, C.2. 
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Smaller and more efficient 


@ Lower shaft centre heights 





@ ih.p. to 25 h.p. inclusive 
@ 4 frame diameters, new NEMA 1954/55 
dimensions 
@ Available from stock 
@ Publication DM/213 available on request 
RE 





ENGLISH ELECTRIC 


ventilated motors 








THe ENGLISH ELECTRIC Company LIMITED, QUEENS House, KINGSWAY, LONDON, W.C.2 
Industrial Motor Works, Bradford 


WORKS: * STAFFORD * PRESTON * RUGBY + BRADFORD - LIVERPOOL + ACCRINGTON 
DM.40D5 





When replying to advertisements please mention the Journal 








we Deep anodizing hardening of aluminium 


containers for the cordite cartridges 


used in gas turbine starting has pro- 
vided full resistance against the flame 


and chemical erosion involved. 


* Hardened steel rollers used in a card- 
board box forming machine were found 
to wear rapidly under the abrasive 
action of the cardboard. Deeply 
anodized aluminium rollers provided 


the solution to this aggravating problem. 


‘ALUMILITE? resists abrasion 


Aluminium Bar, forgings, extrusions, 
sand and die castings are among the 
main products that we harden and seal 
against corrosion and_ wear. Some- 
where along your line there is a point 
where our patented methods of ano- 
dizing can improve both production 
and product. We were the first to 
use eight of the major metal finishing 
processes in this country and have 


remained first at every progressive 


step—why not consult us ? 
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Faster & far easier 
screw thread repair .. 


pe 





- - keeps them in 
production! 


HELL-COlL 


*REGD. TRADE MARK 


SCREW THREAD INSERTS 


ARE ESSENTIAL TO 
MODERN MACHINE MAINTENANCE 





In every branch of industry; for every machine running, 
HELI-COIL is available to reduce production time lost 
through screw thread failure. Further, the result is astrip 
proof, non-corrosive, stronger, harder wearing thread 

than the original. 






A few minutes 

straightforward 
work with 
contents of 

this kit and your 

machine is running again 

Order To-day From... 

FYFE & McGROUTHER LTD., GLASGOW, C.4. 

WHITE MILNE & CO., DUNDEE. 

HENRY OSBORN LTD., NEWCASTLE-ON-TYNE. 

THOMAS SMITH & CO., HALIFAX. 

ALEXANDER KENYON & CO. LTD., MANCHESTER 3. 


G. F. BRIDGES LTD., BIRMINGHAM, 4. 
WOODBERRY CHILLCOTT & CO. LTD., BRISTOL. 


Send for list No. AP/I 
ARMSTRONG PATENTS CO. LTD. BEVERLEY, YORKSHIRE 


PIA/4 











Th 
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ZBROJOVKA Millers 


Brief Specifications of 


Comp lete rigidity at high machining speeds Horizontal, Universal and Vertical Millers 


The illustration shows a Zbrojovka Miller FASV machin- 
ing an aircraft main wing spar web from solid billet. It is 









installed in the Works of Messrs. C. J. C. Developments Sizes: No. 2 No. 3 No. 4 No. 5 
Port th) Ltd., Farlington, Port th, b h , . : i . , - ~ ” 
piso ole is published ee er Working surface of| 40’x 8” |50’x 10” | 64’x 12” | 80’x 16 
F table (approx.) 
Power longitudinal} 25” cP af 40” 50” 
Sole agents travel (approx.) 
Power cross travel 8” 9” 12’ 16” 
(approx.) 


Spindle speeds... | 63-2800 | 45-2000 | 32-1400 | 18-1400 























Early delivery 


The Selson Machine Tool Co. Ltd 


CUNARD WORKS, CHASE ROAD, NORTH ACTON, LONDON, N.W.10 600 


BROUP 


ines) Telegrams: Selsomachi, Lond 


§57/SMT 170 
When replying to advertisements please mention the Journal 
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Prectsion. 


Precision is defined as**exactness and accuracy”. 
But the precise degree depends upon human 
endeavours—as witness the continual practice 
of trapeze artistes. 

Precision at Skinners is based upon fine 
Craftsmanship—an exactness that maintains the 
highest degree of quality and service. 


PROFILE GRINDING 


* PRESS TOOLS %*& JIGS AND FIXTURES 
%* FORM GROUND CUTTING TOOLS AND GAUGES 











CJKINNERS 
[§/euTHameron 
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this bad/p 


worn 
spur 













gear— 


replaced 
promptly and 
§ accurately 


We supply Spurs, Spirals, 
Bevels Worms and Wheels 
complete or from customers 
blanks. 

Your enquiries wil! receive 
prompt and reliable 
attention. 





RELIANCE GEAR & ENGINEERING co. (SALFORD) LTD 


SPRINGFIELD 


KINSON' STREET 





When rivet spinning 
is not feasible... 


and a really tight joint 
is required... 


For example in the rivetting of 
pliers, edge tools, casement 
fittings. padlocks, conveyor 
chain links, shuttles, etc 

This machine heads rivets 
close up against an angle or 
shoulder in the components 
Rivets may be headed tight or 
loose simply by adjusting the 
machine setting and type of 
tools used. Suitable for 
rivets in all sizes from 1/8 in. 
to 3/4 in. in mild steel. All 
machines are built to with- 
stand continuous heavy duty 
operation. 


id 


Rotary Vibrating 
RIVETING HAMMERS 
R.H. 38 MD. Standard Machine. 


TURNER —s 

| advisory service 
MACHINE TOOLS LTD (eee 
63-68, PRINCIP ST.. BIRMINGHAM, 4 


ples of articles 
would be appre- 
ciated. 


Telephone: Aston Cross 2244. 





HAVE YOU HAD YOUR COPY ? 
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cast for an important part 


Consider the strength of a Heavy Duty Dumper 


Dumpers used for big excavating and quarrying projects have to lead 


a tough life and a long one. Transmission components in particular . 
are subject to the grinding wear and tear of heavily loaded vehicles * 
running at high speed and climbing rough, rock strewn country. It is 

because of the need for calculated, unfailing strength in the ’ 
transmission units of the Euclid Dumpers manufactured by Euclid “ 


(Great Britain) Ltd., illustrated above, that Lloyds with their 
unsurpassed facilities for scrupulous control at every stage of * 
production are called upon to cast these vital components. 


TYPICAL LLOYDS STEEL SPECIFICATIONS USED FOR x 
TRANSMISSION PARTS 


Grade Y, 0.75% Cr, hardened and tempered, Yield Stress 30/40 t.s.1.; . 
Ult. Stress 45/55 t.s.i. ; Elongation 20/15°% ; R.O.A.40/30%. 

Grade Z, 1.5% N.C. Cr. Annealed, hardened and tempered, Yield Stress ° 
30/40 t.s.i.3 Ult, Stress 45/55 t.s.i.; Elongation 20/15°%%; R.O.A. 40/ 30%. 


F, H, LLOYD & CO. LTD., P.O. BOX 5 * JAMES BRIDGE STEEL WORKS °* 


When replying to advertisements please 
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Have your steel castings 
machined 


where they are cast... 


LLOYDS 


machine as well as cast 


WEDNESBURY * STAFFS * PHONE JAMES BRIDGE 2401 


A Print for Industry Led. Advertisement 


mention the Journal 
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if t 
in testing, scientific control and rigorous 
checking during each process, helps to ensure 


the consistent accuracy, ductility and finish 
of KIRKSTALL BRIGHT STEEL BARS 


Engineets rely on 


KIRKSTALL 
Dright steel bars 


Carbon and 
alloy also 
fully heat 
treated to 
engineering 
specifications 





KIRKSTALL FORGE ENGINEERING LTD. LEEDS 5 Tel: Horsforth 2821 








Cut the stress and strain 
from spring calculation 
WITH A ‘ RATCLIFFE’ 

SPRING CALCULATING SLIDE RULE 


Scales allow all calculations involved in the 
design of helical tension and compression 
springs to be made at one setting ! 


Upper slide for stress and load calculations ! 
Wahl’s stress correction calculated quickly! 


+ Ft 


The rule is essential to engineers and 
draughtsmen, is soundly constructed and 
supplied in a strong case complete with 
instructions. 


Price £3. 3s. Od. Send for one to-day. 


2: Katelaffe 


The Spring Specialist 
CRAWFORD SPRING WORKS ALLEN STREET ROCHDALE LANCS 
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Full steam ahead! 





The captain of the ocean-gcing liner has a 
very real sense of responsibility when 
steaming ‘full ahead’ and there is a similar 
realistic appreciation of trust in tne making 
of a YCOL sand casting. Your reliance on 
YCOL will be ‘well founded.’ 

. everycare is taken through every 
phase of manufacture, in a modern foundry 
planned for the production of quality 
castings. 

a in gunmetal, phosphor bronze, 
manganese bronze, aluminium bronze and 
aluminium alloy — with a reputation for 
purity, uniformity and durability. 
Illustrated is a pump body casting. 


reliance on always well founded 


WHYTE & COLLINS LTD. KELVIN WORKS FENTON STOKE-ON-TRENT 











VULCASCOT ANTI-VIBRATION PADS 


OIL RESISTING 





@ CHECK VIBRATION SHOCK 
AND NOISE 


@ COMBAT NERVOUS STRAIN 
@ ARE EASY TO INSTALL 
@ SAVE MAINTENANCE TIME 


AND COST 
@ ISOLATE LOADS UP TO 
4 TONS PER SQ. FT. 
@ ELIMINATE CUMBERSOME 
FLOOR FIXINGS 









Standard Size 
18” x 18x &” 


Manufactured by: 


VULCASCOT (Great Britain) LTD. 


87-89, ABBEY ROAD, LONDON, N.W.8. 


PHONE: MAIDA VALE 7374 & 7375. "GRAMS: VULCASCOT MAIDA VALE LONDON 
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L & Lighting Equipment 
METROPOLITAN-VICKERS ELECTRICAL COMPANY LTD., St. Paul’s Corner, St, Paul’s Churchyard, London, E,C.4. 
" Member of the A.E.I. Group of Companies. TCA 1096 
When replying to advertisements please mention the Journa l 
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and £4,000 
damages 


A press operator whose 
earnings are retarded by 
slow guard operation is a 
menace to himself and to 
you. He is tempted to ex- 
pose himself to danger, and 
may involve you in heavy 
damages. Fortunately, 
the ‘ Fastrip ’ Synchronised 
Guard ensures the highest 
standard of safety without 
impeding production. Send 
for full details today. 





"hy 


j. P. UDAL Ltd 


INTERLOCK WORKS, 
COURT ROAD, 
BIRMINGHAM, 12. = 


Telephone : CALthorpe 3114 
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@ 20:1 VARIABLE OUTPUT 
TRANSFORMER 


RADYNE 


ja 





@ ONLY 2fc é6ins Wide 
lft 92ins Deep 2ft OF ins high 


@ RUGGED CAST CASE ° 

@ VALVES RUNNING AT A 
HALF RATING FOR LONG 
LIFE and 


@ RATED TO BS. 1799 
3 kW Bench 
Induction heater 


U.K. PRICE £675 





Full details from 








radio heaters Itd 


WOKINGHAM BERKS ENGLAND 


"Phone: Wokingham 1030 
’Grams: Radyne, Wokingham "3 








Dust and damp can cause serious break- 
downs, particularly in equipment which 
cannot be brushed out. The answer lies 
in “Secomak”’ Portable Electric Blowers- 
the most powerful obtainable and equally 
useful as a oe. ray a ee 
weighs only 10lb. but delivers air at w jw oe a 
ft. per second. Model 70 weighs 15ib. ‘mperatures up to, 600° F. 
and delivers air at 425 ft. per second. 





insulation etc. 
Write for data sheet 101/P.E. 
PORTABLE 


“ELECTRIC BLOWERS 


AND SUCTION TOOLS 


We also make lightweight stationary units for high velocity suction 
and blowing suitable for many industrial processes. See data 
sheets 104, 132, 130 P-E. for full particulars. 


SERVICE ELECTRIC CO. LTD. 


HONEYPOT LANE - STANMORE - MIDDX . EDGware 5566-9 











FOR ADVERTISEMENT SPACE 
in this Journal 


PLEASE CONTACT 


T. G. SCOTT & SON LIMITED 


Crown House, 143/7 Regent Street 
London, W.1 


(Telephone: Regent 3891) 


RATES AND FULL CIRCULATION 
DETAILS ON REQUEST 
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The ‘Worksaver’ goes 


xci 





UP... 


to bring DOWN the costs 


Up ir the lift to an upper floor. . . across the floor to 
unload and then back again to the ground floor. . . It’s 
all in the day’s work for this ‘ Worksaver’ —shown here in 
use at the Harlesden factory of H. J. Heinz Co. Ltd. 

Compact dimensions and light weight enable 
*Worksavers’ to cut handling costs in many factories and 
warehouses by operating on upper floors, or between 


YALE 





floors-places not normally accessible to power trucks. 
The trouble-free ‘ Worksaver’ embodies years of world- 
wide experience of truck operation under the most 
arduous conditions. There are Fork Lift, Pallet, Plat- 
form and Tractor models. 


Yale technical staff will gladly visit you to demonstrate how Yale 
products can solve your handling problems and reduce costs. 


Materials Handling Equipment 


YALE & TOWNE make the world’s largest, most comprehensive range of Materials 
Handling Equipment-including 1,000 - 100,000 Ibs. capacity power trucks. 


THE YALE AND TOWNE MANUFACTURING COMPANY MATERIALS HANDLING DIVISION, DEPT. U.U1, WEDNESFIELD, STAFFORDSHIRE, ENGLAND, TELEPHONE: WILLENMALL 630 


When replying to advertisements please mention the Journal 








xCii 


The Institution of Production Engineers Journ«! The | 


THE AUTOMATIC FACTORY— 


what does it mean? 


The full report of the Margate Conference of the 
Institution of Production Engineers, June, 1955. 


The report, which is in book form, contains not only the 21 Papers 
presented at the Conference, but also the opening and closing 
addresses, the discussion group reports, and a review of the display 
of automation equipment, much of which had not previously been 
shown in public. This is the first symposium on automation to 
be published in the U.K., and the advent of the automatic factory 
and its implications and problems are fully discussed by leading 


authorities. 


Contents 

“ Automatic Factory— Dream or Nightmare ?’’ —‘‘ Technical 
and Human Problems’? —‘* Machines in the Service of Man”’ 

“* Automatic Mechanical Project Factory ’’ —‘*‘ Some Problems 
for the Manager’’ —‘‘ Computers’’—‘‘ A Challenge to the 
Technical College ’’ —‘‘ A Challenge to the University ’’ —‘‘ The 
Age of Harmony, Leisure and Plenty ?’’ —‘* Automatic Transfer 
Machines’ —‘‘ Some Problems for the Boardroom’ —‘“ Auto- 
matic Inspection’’ —‘‘ Automatic Control in the Petroleum Indus- 
try ’’’ —‘‘ Atoms, Electrons and Automation’’ —‘‘ How Will the 
Trades Unions React ?’’ —‘‘ The Automatic Office ’’ —‘* Com- 
puter-controlled Machine Tools’’—‘ Automatic Selection, 
Weighing and Conveying’’ —‘* Automatic Linking Devices’ — 
“The Automatic Chemical Factory’’ —‘* Automatic Electronic 


Control of Machine Tools’’. 


\\| Go) 











Now available from The Institution of Production Engineers Price 25s. 


10, Chesterfield Street, London, W.1. 


(Post Free) 








The Institution of Production Engineers Journal 














attachment 








Illustration shows machine fitted with vertical 
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IMIZAAS Automatic Die Sinker 











copying using the two rotary tables 


MODEL FKO8c 
TWO MILLING 
SPINDLES 


Arranged with two angle plates 
for simultaneous reproduction of 
two components 











| pee Our showrooms are only a few 
: minutes from London Airport. Feeds (8) 
{ Longitudinal Table Feed (per min.) ... 


= Nithine Ted Cimpurny Limited 
HAL HAMPTON ROAD WEST- HANWORTH - FELTHAM - MIDDLESEX 
Phone: FELTHAM 4266. Cables & Grams: SHIPMENTS, FELTHAM 


Spindle Vertical Feed (per min.) 
Net weight approx. ... ses 








a @ FY = 
Table, 2 Rotary Tables Rs i 27 hin. dia. 
Longitudinal Table Traverse (automatic) 393zin. 
Transverse movement of slide 15zin. 
Vertical travel of spindle head 31 din. 
Spindle Speeds (8) 70 to 800 or 


335 to 3,600 r.p.m. 


25/32in. to 8{in. 
... 17/32in. to SZin. 
. 9} tons 








xCciv 


Page 


Accles & Pollock, Ltd. ie ov 
Adcock & Shipley, Ltd. ... os Vv 


Allen, Edgar & Co. Ltd. LxVii 
Alumilite & Alzak, Ltd. we LXXxiv 
Archdale, James & Co. Ltd. Lvii 
Armstrong Patents Co. Ltd. LXXXiv 
Arrow Electric Switches, Ltd. = 
Asquith, William, Ltd. “at XXX 
Automatic Coil Winder & Electrical 

Equipment Co. Ltd., The — 
Barber & Colman, Ltd. ... was -- 
Bawn, W. B. & Co. Ltd. ... ee — 
Bedford, John, & Sons, Ltd. XXXViil 
Benton & Stone, Ltd. es XL 
B.I.P. Chemicals, Ltd. LXxVil 
Birlec, Ltd. ... ; xii 
Birmingham Aluminium “Casting 

(1903) Co. Ltd. ... ne Med — 
Black & Decker, Ltd. ... — 
Bratby & Hinchliffe, Ltd. ... ai Lxvi 
Bray Accessories, Ltd. ro — 
British Aero Components, Ltd... _- 
British Die Casting & Engineering 

Co. Ltd. .. ‘ ae ae XLiv 
British Electrical sect iol 5288 

Association, The ... XLii 
British Tabulating Machine Co. Ltd. Lxiii 
British Thomson-Houston Co. Ltd. = 
Broadbent, Henry, Ltd. LXxix 
Brockhouse, J. & Co. Ltd. _- 
Brookhirst Switchgear, Ltd. — 
Broom & Wade, Ltd. nal cos ) RE 
Brown, David, Corporation (Sales) 

Ltd., The ... fee be — 
B.S.A. Tools, Leal... xviii 
Burton Griffiths & Co. Ltd. XViii 
Butler Machine Tool Co. Ltd., The = 
Butterley Co. Ltd., The ... — 
Catmur Machine Tool Corporation, 

Ltd. as a a ve XX 
Churchill, Charles & Co. Ltd. .... — 
Churchill Machine Tool Co. Ltd. ... — 
Cincinnati Milling Machines, Ltd. iii 
Climax Rock Drill & Eng. Works Ltd. xix 


Cohen, George, Sons & Co. Ltd. 
Concentric Manufacturing Co. Ltd. 
Cossor, A. C., Ltd. .. 

Coventry Climax 


Engines, Ltd. 
Outside Back Cover 


Coventry 4 & Tool Co. Ltd. oo 
Cow, P. B., ia ; LXXX 
Croda, Ltd. — 
Crofts (Engineers), Ltd. — 
Crompton Parkinson, Ltd. ... ~- 
Dawson Bros., Ltd. LXXVi 
Dean Smith & Grace, Ltd. iv 
Dowding & Doll, Ltd. nae wl LV 
Drummond Asquith (Sales), Ltd. ... _— 
Drummond Bros., Ltd. is XXxi 
Durachrome, _ ... ote Lxii 
Dyson & Co. Enfield (1919), Ltd. xv 


Edibrac, Ltd. a = 
Electro-Chemical Eng. Co. Ltd. 
—oe Construction Co. 
t — 
Elgar Machine Tool Co. Ltd. LXXViii, xCiii 
E.M.S. Electrical Products, Ltd. LxViii 
Engineering Industries Association — 
English Electric Co. Ltd., The xvii, Lxxxiii 
Exors of James Mills, Ltd. ... pate x 


Fawcett, Preston & Co. Ltd. 
Fescol, Ltd. 


XX 





The Institution of Production Engineers Journal 


INDEX TO ADVERTISEMENTS 





Page 
Financial Times ... 7 xiii 
Firth Brown Tools, Ltd. .. oe — 
Firth, Thos., & Brown, John, Ltd. XLV 
Flame Hardeners, Ltd. - LXXXVi 
Fletcher Miller, Ltd. LXXXii 
Fox Chemical Engineering ‘Works, e 
Ltd. *- LXXXli 
Fox, Samuel ‘& Co. _.... — 
Fraser, Andrew & Co. Ltd. XLVii 
Gledhill-Brook Time Recorders, Ltd. Lxxvi 
Glostics, Ltd. Lxi 
G.P.A. Tools & Gauges, Ltd. Lvi 
Guest, Keen & Nettlefolds 
(Midlands), Ltd. — 
Guylee, Frank, & Son, Ltd. LXxViii 
Harrison, T. S. & Sons, Ltd. Na — 
Harris Tools, John, Ltd. ... i — 
Heenan & Froude, Ltd. XLvi 
Herbert, Alfred, Ltd. XXXVii 
Hilger & Watts, Ltd. — 
Holman Bros., Ltd. — 
Hoover, Ltd. sa ae — 
Hordern, Mason & Edwards, Ltd. XXix 
Horstmann Gear Co. Ltd., The Lx 
Howard, Stanley, Ltd. XXiV 
Hymatic Engineering Co. Ltd., The XXii 
Igranic Electric Co. Ltd. Le == 
Imperial Smelting Corporation 
(Sales), Ltd. — 
Impregnated Diamond Products, Ltd. XLi 
Integra, Leeds & ee Ltd. Li 
Intermit, Ltd. ees - 
Jessop, Wm. & Sons, Ltd. Lix 


Johansson, C. E., Ltd. ...  ... ix 
Jones, E. H. (Machine Tools), Ltd. 
Jones, Sidney G., Ltd. wea 


King, Geo. W., Ltd. 


Kirkstall Forge "Engineering, Ltd. ... uxxxviii 
Lang, John & Sons, Ltd. ... — 
Lang Pneumatic, Ltd. — 
Lansing Bagnall, Ltd. XXXix 


Lapointe Machine Tool Co. Ltd., 


The 


. LxXxXll 
Ley’s Malleable Castings Co. Ltd. — 
Lloyd, F. H. & Co. Ltd... . LXXxxvii 
Lloyd, Richard, Ltd. Lxiv 
London Oil Refining Co. Ltd., The ~ 
Lund, John, Ltd... xiv 
Machine Shop Equipment, Ltd. ... 
Machinery Publishing Co. Ltd. — 
Magnesium Elektron, Ltd. Xxi 
XXi1l1 


Manganese Bronze & Brass Co. Ltd. 
Marbaix, Gaston E., Ltd. ... 
Marsh, Bros., & Co. Ltd. — 
Marshall- Richards Machine Co. Ltd. — 
McKechnie Bros., Ltd. . 
Metal Industries ‘Group , 
Metropolitan-Vickers Electrical Co. 
Ltd. : LXV, LXXxix 


Midland Iron Co. Ltd., The 


ee Lxxili 
Mollart Engineering Co. Ltd., The LViii 
Monks & Crane, Ltd. ; Vii 
Morris, B. O., Ltd. XXXili 
Myford Engineering Co. Ltd. LXxii 
National Industrial Fuel Efficiency 
Service... LXxXii 
Neill, James, & Co. ‘Gheffield), Ltd. XLiii 
Newall, A. P. & Co. Ltd. wake Lx 
Newall Group Sales, Ltd. ... XXV, XXVii 





Page 


Newall Group 


Sales, (Tolimit 
Gauges), Ltd. * re oe 





Park Gate Iron & Steel Co. Ltd. 
Inside Back Cover | 

Parkinson, J., & Son (Shipley), Ltd.  xxxiy 

Paterson Hughes Engineering Co. 

Ltd. eee wee wane L 
Pilot Works, Rae. 
Pollard Bearings, Ltd. 
Precision Grinding, Ltd. 


LXxi 
Press Equipment, Ltd. as ea oA 
Proctor Bros. (Wireworks), Ltd. ... ee 
Pryor, Edward, & Son, Ltd. LXVi 
Quasi Arc, Ltd. = ius wee vi 
Rack Engineering, Ltd. Vili 
Radio Heaters, Ltd. oy xc 
Ransomes, Sims & Jefferies, Ltd. ... — 
Ratcliffe, F. S., (Rochdale), Ltd. ... Lxxxviij 
Reavell & Co. Ltd. 23 LXXiv 
Redfern’s Rubber Works, Ltd. LXiv 
Rediffusion, Ltd. : a 
Reliance Gear & Eng. Co. (Salford), 

Ltd. ee. LXXXVi 
Rockwell Machine Tool Co. Ltd., 

The ‘ pa 
Russell, S. & Sons, Ltd. mae LXViii 
Ryder, Thos. & Son, Led. ... —{ 
Saville, J. J. & Co. Ltd. Lix 
Scrivener, Arthur, Ltd... — 
Selson Machine Tool Co. Ltd., The LXXXV 
Sentinel (Shrewsbury), Ltd. XXXii 
Service Electric Co. Ltd. ... ae xc 
Shell-Mex & B.P., Ltd... esis xi 
Skinners, (Redbridge), Ltd. . LXxxvi 
Smart & Brown Machine Tools, Ltd. — 
Snow & Co. Ltd... — 
Sparcatron ... XLVili 
Sparklets, Ltd. LXXX 
Spencer & Halstead, ‘Ltd. Liv 
Sternol, Ltd. ms LViii 
Swift, Geo., & Sons, Ltd. = — 
Sunbeam Anti- Corrosives, Ltd. — 
Sykes, W. E., Ltd. ... nee XXVili 
Teleflex Products, Ltd. Z — 
Town, Frederick & Sons, Ltd. -- 
Turner Machine Tools, Ltd. LXXXVi 
Uda, J. P..ital...... xc 
Unbrako Socket Screw Co. ‘Ltd. Lxix 
United Steel Companies, Ltd., The — 
Universal Tools, Ltd. LXX 
Van Moppes & Sons (Diamond 

Tools), Ltd. te —- 
Vulcascot (Great Britain), Ltd. .. LXXXVili 
Wadkin, Ltd. wae — LXX 
Ward, H. W., & Co. Ltd. ... XXXV 
Ward, Thos. W., Ltd. XLix 
Webster & Bennett, Ltd. xvi 
Westool, Ltd. ate Xxxvi 
Whyte & Collins, Ltd. .. LXXXViii 
Wickman, Ltd. eve ea XXVi 
Wicksteed, Chas. & Co. (1920), Ltd. Lii 
Woodhouse & Mitchell J — 
Wolverhampton Die Bis. Co. 

Ltd., The ... : : LXXV 
Yale & Towne Manufacturing Co., 

The ; me — : XCi 
Zinc Alloy Die Casters Association Liii 
Zwicky, G. (London), Ltd. ... s< aaa 





All communications regarding advertisements should be addressed to the Advertising Managers, T. G. Scott & Son, Ltd. 
Regent 3891. 
London, N.1. 


Crown House, 143-147, Regent Street, London, W.1. 
Printed by Maxwell, Love & 


Co. Ltd., White Lion Street, 


Phone : 


} 


| 


‘ 








—_— + —— 











LXX1 | 


LXxiv 








LXXXv 
XXXii 





XXXVII 


XXXVI 











PARK GATE 


QUALITY STEELS FOR 
ELECTRICAL ENGINEERING 








hard shaft steel 


for 
electric motors 





THE PARK GATE IRON & STEEL CO. LTD., ROTHERHAM 


TELEPHONE : ROTHERHAM 2141 (10 lines) TELEGRAMS ; YORKSHIRE, PARKGATE, YORKS 





At the Unilever Annual General Meeting, Lord Heyworth, 
Chairman, gave these figures on Handling... “The new 
methods of handling* are equally effective in other sectors 
of our business. In one factory where output has been 
increasing, we have been able: to halve the number of 
manhours involved in handling, increase wages (because of 
the revaluation of jobs) and reduce handling costs from 
7s. 8d. a ton to 3s. 6d. The annual saving amounts to 


£20,000 compared with a capital outlay on fork lift trucks 


and pallets of £24,000. A different example of the value 


of these mechanical methods is shown at another of our 
factories where a large increase in production has been 
achieved on a very restricted site. By extending the facilities 
for handling without extending the site, we have been able 


to expand output from 149,000 tons a year to 490,000 tons.” 





The prescription for prosperity is the 


Covintiy Climar 


FORK LIFT TRUCK 


COVENTRY CLIMAX ENGINES LIMITED (DEPT. P.E.J.) COVENTRY ENGLAND 

















“TECHNOLOGY DEPT. 
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INSTITUTION OF PRODUCTION ENGINEERS, 10, CHESTERFIELD ST., LONDON, W.1 











? 


THE 1955 VISCOUNT NUFFIEI 


will be presented on 15th December, 1955, at the Royal Institution, London, at 6.30 p.m., 


by DR. G. H. DANIEL 
Chief Statistician of the Ministry of Fuel and Power 


whose subject will be 


“BRITAIN’S ENERGY PROS! 


The Paper will address itself to the question of whether shortage of fuel and power will set limits to the 
expansion of British industrial activity. It will consider the present level of energy consumption, how this 
has grown in the past and how it might continue to grow in the future if optimistic expectations about the 
expansion in standards of living are realised. 


In considering the future, attention will be given, among other things, to the possible effects of auto- 
mation on the demand for energy. The Paper will deal with the relative attractiveness and prices of the 
principal sources of energy, and will review some of the factors determining their supply. The problems of 
meeting this demand will then be discussed. 


Application for tickets of admission to the meeting and preprints of the Paper may be made on the form 
overleaf. Tea will be served from 5.30 p.m. 





INCREASING PRODUCTIVITY BY THE USE OF WELDING 


The British Welding Research Association is arranging a number of meetings on “Increasing Produc- 
tivity by the Use of Welding”, to be held at various centres throughout Great Britain. The third meeting is 
in Birmingham on Wednesday and Thursday, 8th & 9th November, 1955, in the College of Technology, 
Suffolk Street, Birmingham. 








To: Tue Secretary, 
INSTITUTION OF PropucTION ENGINEERS, 
10, CHESTERFIELD STREET, 
Lonpon, W.1. 
THE 1955 VISCOUNT NUFFIELD PAPER 
Please send me a ticket of admission and a preprint of the Paper, when available, on “ Britain’s Energy Prospects ’ 
by Dr. G. H. Daniel. 


I shall/shall not* require tea. 


MTREITRIS 65.00 < sna es: 


*Please delete as appropriate. 
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““THE AUTOMATIC FACTORY—WHAT DOES IT MEAN?” 


The full report of the Margate Conference is now available. Members of the Conference receive one 
copy free of charge; other copies are available to members and non-members at 25/- each, post free. 


The report, which is in book form, contains not only the Papers presented at Margate, but also 
the opening and closing addresses, the discussion group reports, and a review of the display of automation 
equipment. This is the first published symposium dealing with the automatic factory and its many implica- 
tions and there has been a considerable advance demand for it. 


Those who would like to obtain a copy are advised to complete and return the order form overleaf. 


“‘PRODUCTION CONTROL AND RELATED WORKS STATISTICS” 


The report of the Joint Committee of the Institution of Production Engineers and the Institute of Cost 


and Works Accountants will shortly be available, price 5/- per copy, post free. (See pages 697/699 of the 


October Journal.) 


Copies may be reserved in advance by completing and returning the order form overleaf. 


“MATERIAL UTILISATION”—THE REPORT OF THE SUB-COMMITTEE 


The Report of the Sub-Committee on Material Utilisation, set up by the Institution’s Research Committee, 
is now available at 5/- per copy, post free. (See order form overleaf.) 

The Sub-Committee was formed to investigate the extent to which British industry is making the best use 
of materials to discover the proportion converted into useful products, and to see if ways could be found to 
increase that proportion. 

In this first Report the Sub-Committee has confined its investigation to the metal-working industries and to 
metal working. The Report is based on a very large number of case studies which were collected from industry, 
mostly with the help of Working Parties set up by various Sections of the Institution. It is divided into three 
general sections :- 


(a) a general survey of the present position ; 

(b) a large number of illustrated case studies in which “ before and after” results are shown, together with, 
in most cases, the economics of each result ; 

(c) conclusions and recommendations. 


The aim of the Sub-Committee has been to provide a publication of direct use to production engineers, with 
the information set down in a bricf and easily digested form. It is the belief of the Sub-Committee that much 
can be done by industry to improve the effective utilisation of material, and an examination of this Report 
should give food for thought. From a national point of view it is vitally important that we should make the 
fullest use of our resources ; we cannot afford to be prodigal with either imported or home produced materials. 
From the manufacturer’s point of view, any means of reducing costs is welcome in these days when both 
materials and labour show a steady tendency to increase in price. 

This Report shows some of the ways in which economies have been achieved and points the way to 
further investigation. The examples selected are those that have been carried out under normal working 
conditions and have been chosen from both large and small industries. Although every problem of improving 
material economy needs individual examination, the examples shown cover a sufficiently wide range to suggest 
avenues for exploration in almost every engineering factory. 





“ THE AUTOMATIC FACTORY — WHAT DOES IT MEAN ?” 


To: Tue Secretary, 
INSTITUTION OF PRODUCTION ENGINEERS, 
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To: Tue Secretary, 
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REPORT ON “ PRODUCTION CONTROL AND RELATED WORKS STATISTICS ” 


Please send me............../ copy/ies of the above Report, at 5/- each, post free when available. I enclose remittance 
BY Wi cluevetcccteasines made payable to “Institution of Production Engineers” 
NAME. 
Block letters PLEASE. ADDRESS. 


To:- THe Secretary, 
INSTITUTION OF PropucTION ENGINEERS, 
10, CHesTeRFIELD STREET, 
Lonpon, W.1. 


REPORT ON “MATERIAL UTILISATION ” 


Please send me ............... copy/ies of the above Report, at five shillings each, post free. I enclose remittance 
UNL. i: oqacasasecasasuadantascnteoasel » made payable to “ The Institution of Production Engineers ” 
NAME. 
Block letters MINI ci <4pdow on vous 
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REGIONAL MEETINGS 


SOUTH EASTERN REGION 
Regional Dinner- Dance at _ the 


SOUTH WESTERN REGION 


7.15 p.m. for 8 p.m. 
Savoy 


November 29th 


Hotel, London. 


7.15 p.m. December 7th 


* Aircraft Design for Production ” 
by W. E. W. PETTER, C.B.E., B.A., F.R.Ae.S., 
at The Large Lecture Theatre, Bristol University Engineering Laboratories, 


University Walk, Bristol, 8. 
Aeronautical Society). 


MIDLANDS REGION 


(Joint meeting with the Bristol Branch of the Royal 


7.0 p.m. December 14th 


“* The Implications of Automation ”’ 


by FRANK G. WOOLLARD, M.B.E., M.I.Mech.E., M.I.Prod.E., M.I.1.A., M.S.A.E. 
in the Main Hall of the Wolverhampton & Staffordshire Technical College, 


Wolverhampton. 


SECTION 


MEETINGS 


Visitors’ tickets may be obtained from Section Honorary Secretaries. 





NOVEMBER, 1955 


EAST & WEST RIDINGS REGION 
Doncaster 7 p.m. November 8th 
The Danum Hotel, Doncaster. 

“Production Methods in the Motor Industry” by E. C. 
Bishop, A.M.I.Mech.E. 

Halifax 7.15 p.m. 
The White Swan Hotel, Halifax. 


November 22nd 


“Men and Machines” by J. E. Hill, M.I.Mech.E., 
M.I.Prod.E. 
Halifax Graduate 7.30 p.m. November 9th 


The Huddersfield Technical College. . 

“ Electronics as an Aid to Productivity” by R. McKennell. 
Sheffield 6.30 p.m. November 14th 
The Grand Hotel, Sheffield. 

“Bar Mills” by W. Udall, M.I.Mech.E., M.I.Prod.E. 
Sheffield Graduate 6.30 p.m. November 21st 
The English Steel Corporation, River Don Works, Sheffield, 9. 
Practical lecture on Foundry Practice. A new style lecture 
held in the foundry under actual working conditions. 
Admission to this lecture is by ticket only obtainable from 
the Section Hon. Secretary. 

Yorkshire 7 p.m. November 14th 
The Hotel Metropole, King Street, Leeds 1. 

“‘ Development of Special Machines with Particular Reference 
to. Unit Construction ” by T. W. Elkington, M.I.Prod.E. 


EASTERN REGION 
Eastern Counties 7.30 p.m. November 11th 
The Diocesan Hall, Tower Street, Ipswich. 
Chairman’s Address. “A Brief History of Agricultural 
Machinery Development and its Manufacturing Problems ” 
by F. T. Dyer, M.I.Mech.E., M.I.Prod.E. 
Norwich 7.30 p.m. November 16th 
The Assembly House, Theatre Street, Norwich. 
“Jobbing Foundrywork Today” by A. Talbot, M.I.B.F. 


MIDLANDS REGION 


Birmingham Graduate 7 p.m. November 8th 
The James Watt Memorial Institute, Great Charles Street, 
Birmingham. 

“ Industrial Finishing Technique and Practice (Paints and 
Organic Coatings)” by Messrs. W. G. J. Appleton, 
M.I.Mech.E., M.Inst.F., and J. J. Stordy, B.Sc. 
Birmingham Graduate 10 a.m. November 5th 
Works Visit to Boxfoldia Ltd. 

Birmingham 7 p.m. November 16th 
The James Watt Memorial Institute, Great Charles Street, 
Birmingham. 

“Symposium of Papers on Practical and Economic Aspects 
of Modern Metal Finishing” by A. W. Wallbank, B.Sc., 
A.F.I.C., Dr. Leyton, A. F. Brockington, and R. Fyfe, B.Sc., 
A.R.LC. 

Coventry 

The Church House, Rugby. 
“Putting Teeth in their Place” by J. E. Stubbings. 
Coventry 7 p.m. November 10th 
The Craven Arms, High Street, Coventry . 

“British Watches, their Progress and Production” by 
R. Lenoir, F.B.H.TI. 

Coventry Graduate 7.15 p.m. 
The Craven Arms, High Street, Coventry. 
“Some Impressions of a Recent World Tour” by S, J. 
Harley, B.Sc., M.I.Mech.E., M.I.Prod.E. [Illustrated by 
a film. 

Shrewsbury 7.30 p.m. November 25th 
Third Annual Dinner-Dance at Lion Hotel, Shrewsbury. 
Shrewsbury 7.30 p.m. November 30th 
The Shrewsbury Technical College, Shrewsbury. 

“Motor Car Production” by E. Bailey. 


7 p.m. November 4th 


November 29th 








Wolverhampton 7.15 p.m. 

The Stafford Technical College, Stafford. 

“Increased Automation of Existing Production Lines” by 
B. Jay, A.M.I.Mech.E. (Paper given at Margate 

Conference.) 

Wolverhampton 7.15 p.m. November 16th 

The Wolverhampton and Staffordshire Technical College, 

Wolverhampton. 

“Unit Head Applications with Renault Film” by C. D. 

Camwell. 

Wolverhampton Graduate 7.30 p.m. November 23rd 

The. Wolverhampton and Staffordshire Technical College, 

Wolverhampton. 

Film Evening — Films dealing with Automation. 

Worcester 7.30 p.m. November 30th 

The Cadena Cafe, Worcester. 

“Hard Metal Tools” by G. Cook, of A. C. Wickman Ltd. 


November 2nd 


NORTH WESTERN REGION 


Liverpool 7.30 p.m. November 9th 
The Exchange Hotel, Liverpool. 

“Materials Handling” by F. T. Dean, 
M.I.Prod.E. 

Liverpool Graduate 7.30 p.m. November 10th 
The Stork Hotel, Queens Square, Live , 
“Aluminium” by M. H. P. A. Le Vie, B.Sc.(Tech.), 
A.M.I.Mech.E., A.M.I.Loco.E. 

Liverpool Graduate 9.30 a.m. November 19th 
Works Visit to Arthur A. Lee & Sons Ltd., Stanley Road, 
Birkenhead. 

Manchester 7.15 p.m. November 28th 
The Reynolds Hall, Manchester College of Technology, 
Manchester. 

“Diesel Electric Traction” by E. T. Bostock, B.Sc. (Eng.), 
A.M.L.E.E. 

Manchester Graduate 7.15 p.m. a a 9th 
The Reynolds Hall, Manchester College of Technology, 
Manchester. 

“ Precision Casting” by R. G. Nicholas, Grad.I.Mech.E. 
Preston 7.15 p.m. November 9th 
The Victoria and Station Hotel, Church Street, Preston. 
“Modern Finishing Processes” by K. Abineri, 
B.Sc.(Hons.). 

Stoke-on-Trent 7.15 p.m. 
The Hanley Town Hall, Stoke-on-Trent. 
“The Shell Moulding Process’ by D. N. Buttrey, M.Sc., 
A.R.I.C., A.P.T. ‘ 


M.I.Mech.E., 


November 14th 


NORTHERN REGION 
North Eastern Graduate 7 p.m. November 11th 
Roadway House, 8 Oxford Street, Newcastle-upon-Tyne. 
“The Design and Uses of Oil Seals and Packings” by 
E. T. Jagger. 
North Eastern Graduate 10am November 19th 
Works Visit to George Angus & Co. Ltd., Oil Seals Division, 
Newcastle. 
North Eastern 7 p.m. 
The Neville Hall, Newcastle-upon-Tyne. 
“The Development and Achievement of the Vickers 
Viscount” by A. H. C. Greenwood, A.R.Ae.S., M.I.Ae.S. 


November 21st 


Tees-side 7p.m. November Ist 
The Cleveland Scientific and Technical Institution, 
Middlesbrough. 


“The Practical Application of Production Engineering 
Research” by Dr. D. F. Galloway, B.Sc.(Hons.), M.I.Mech.E.., 
M.I.Prod.E., A.M.LE.E. 


NORTH MIDLANDS REGION 
Derby 7 p.m. November 14th 
The College of Art, Green Lane, Derby. 
“ Automatic Inspection” by J. A. Sargrove, 
M.Brit.I.R.E.(Tech.). 
Leicester p.m. 
The Windsor Room, Bell Hotel, Sal 


“Engineering Metrology” by ‘J. R. Adams, B.Sc. (Eng.), 
A.M.I.Mech.E. 


M.LE.E., 
November 10th 


Lincoln 7 p.m. for 7.30 p.m. November 3rd 
Dinner-Dance at the Ruston Club, Unity Square, Lincoln. 
Lincoln 7.30 p.m. November 24th 
The Ruston Club, Unity Square, Lincoln. 

“Control of Quality in Medium Quantity Production” by 
J. Loxham, M.I.Mech.E., M.I.Prod.E., F.R.S.A. 
Nottingham 7pm. November 9th 
The Mechanics Institute, Burton Street, Nottingham. 
“Relationship of Production Control and Costing” by 
H. P. Court, F.C.W.A., A.M.I.LA. Joint Meeting with 
Institute of Cost and Works Accountants. 

Peterborough 7.30 p.m. November 2nd 
The White Lion Hotel, Church Street (opposite Corn 
Exchange), Peterborough. 
“The Shell Moulding Process ” 
A.R.L.C., A.P.I. 

Peterborough 7.30 p.m. November 3rd 
The Campbell Hotel, Bridge Street, Peterborough. 

“ Engineering Economics” by T. S. Welch, A.C.A. Joint 
meeting with the Institution of Incorporated Plant Engineers 
(Peterborough Section). 


by D. N. Buttrey, M.Sc., 


SCOTTISH REGION 
Dundee 7.30 p.m. November 16th 
The New Imperial Hotel, 15 Tally Street, Dundee. 
“Modern Gear Production” by H. Watson, B.Sc., 
A.M.I.Mech.E., A.M.I.Prod.E. 
Edinburgh 7.30 p.m. November 16th 
The North British Station Hotel, Edinburgh. 
“Glass Production” by K. Northwood. 
Glasgow 7.30 p.m. November 3rd 
The Institution of Engineers and Shipbuilders in Scotland, 
39 Elmbank Crescent, Glasgow, C.2. 
Open Discussion : “ Fine Finish and its Application to 
General Engineering”, led by G. V. Stabler, M.1I.Prod.E. 
and J. Menzies, M.I.Prod.E. 
Glasgow 7.30 p.m. November 17th 
The Institution of Engineers and Shipbuilders in Scotland, 
39 Elmbank Crescent, Glasgow, C.2. 
“Modern Gear Production” by H. J. Watson, B.Sc., 
A.M.I.Mech.E., A.M.I.Prod.E. 


SOUTHERN REGION 
Oxford 7.15 p.m. November 22nd 
The Garrison Theatre, Craven Hill, Bicester, Oxon. 
“Automatic Control in the Petroleum Industry” by a 
representative of the Anglo-Iranian Oil Co. 


Reading 7.30 p.m. November 3rd 
The Canteen, Transport Equipment (Thornycroft) Ltd., 
Basingstoke. 


“Glass Fibre and its Use in Reinforced Plastics” by A. R. 
Hennings, B.A. 

Southern 7.15 p.m. 
The Polygon Hotel, Southampton. 

“A Job Evaluated Wages Structure” by R. N. Marland, 
B.Sc., A.M.I.Mech.E., M.I.Prod.E. In conjunction with the 
Institute of Cost and Works Accountants and the Institute 
of Industrial Administration. 


November 17th 


SOUTH EASTERN REGION 
London 7p.m. November 17th 
Royal Empire Society, Northumberland Avenue, (Craven 
Street entrance), Strand, London, W.C.2. 
“The Use of Carbon Dioxide in the Engineering Industry, 
with Particular Reference to its Use as a Machine Tool 
Coolant” by T. B. Philip, B.Sc., A.R.C.S., M.I.Chem.E. 
London Graduate 7.15 p.m. November 23rd 
The Institution of Production Engineers, 10 Chesterfield 
Street, London, W.1. 
“Production Engineering in the Maintenance and Overhaul 
of Civil Aircraft” by H. Gray, Grad.I.Prod.E., Grad.I.I.A. 
London Graduate November Ist 
Works Visit to Rockware Glass Ltd., Greenford, Middlesex. 
Luton 7.30 p.m. November 22nd 
The Town Hall, Luton. 
“Research and Development of Design and Production ” 
Joint meeting with the Eastern Branch of the Institution of 
Mechanical Engineers, 
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Luton Graduate 7.45 p.m. November 8th 
The Mayor’s Parlour, Court House, St. Albans. 
Graduates Evening and Film Show. 10-minute Papers will 
be presented by Graduate members. Details available from 
Hon. Secretary. 

Rochester 7.30 p.m. 
The Rotary Room, Sun Hotel, Chatham. 
“ Industrial Finishing Technique and Practice (Paints and 
Organic Coatings)”’ by W. G. J. Appleton, A.M.I.Mech.E., 
M.Inst.F. and J. J. Stordy, B.Sc. 

South Essex 7.30 p.m. 
The Ilford Club, 21a Balfour Road, Ilford. 


November 10th 


November 2nd 


“Powder Metallurgy” by G. R. Bell, B.Sc., A.R.S.M., 
A.R.LC.; A.I.M. 
South Essex 7.30 p.m. November 30th 


The Mid-Essex Technical College, Chelmsford. 
“Production Control of Large Complex Units, in Small 
and Single Batches” by J. Lees. 


SOUTH WESTERN REGION 


Gloucester 7.45 p.m. November 17th 
The Cheltenham Motor Club, High Street, Cheltenham. 
“The Practical Application of Production Engineering 
Research” by Dr. D. F. Galloway, B.Sc.(Hons.), M.I.Mech.E., 
M.I.Prod.E., A.M.I.E.E. Joint meeting with Cheltenham 
District Branch of the British Horological Institute 

Western 7.15 p.m. November 23rd 
The Small Lecture Theatre, Bristol University Engineering 
Laboratories, University Walk, Bristol 8. 
“ Shipbuilding in Bristol’’ by Richard Hill. 
Western Graduate 7.30 p.m. 
Grand Hotel, Bristol. 

“ Standardisation and the Future” by Dr. E. L. Diamond, 
M.Sc., M.I.Mech.E. 


November 16th 


WELSH REGION 


South Wales 7 p.m. November 25th 
The South Wales Engineers’ Institute, Park Place, Cardiff. 
“The Trade Union in Engineering Production” by T. 
Wylie, Dip.Pol.Econ.Sc.(Oxon.). 

West Wales 7.30 p.m. November 11th 
The Central Library, Alexandra Road, Swansea. 
“Influence of Electrical Power on Production” by W. P. 
Warren, B.Sc., A.M.I.E.E. 


PRODUCTION APPOINTMENTS 


DECEMBER Ist—7th 


EAST & WEST RIDINGS REGION 
Halifax Graduate 7.30 p.m. December 7th 
The White Swan Hotel, Halifax. 
“ Public Speaking” by W. F. S. Woodford (Secretary of the 
Institution). 


MIDLANDS REGION 
Coventry 7 p.m. 
The Craven Arms, High Street, Coventry. 
“* Shipbuilding” by J. Brown. 


December 7th 


NORTHERN IRELAND REGION 
Northern Ireland 7.30 p.m. December Ist 
The Kensington Hotel, College Square East, Belfast. 
“ Cutting Tools and Lathe Development ” by K. W. Metcalfe. 


NORTH MIDLANDS REGION 
Nottingham 7p.-m. December 7th 
The Victoria Station Hotel, Nottingham. 

“Colour as an Aid to Production” by Miss P. Raine. 


Peterborough 7.30 p.m. December 6th 
The White Lion Hotel, Church Street, (opposite Corn 
Exchange), Peterborough. 

“The Use of Plastics in Engineering” by B. E. Terry, 


A.M.I.Prod.E. 


NORTH WESTERN REGION 
Liverpool 7.30 p.m. December 7th 
Picton Hall, Liverpool. 
“ History of Engineering ”’ 


Liverpool Public Libraries). 


(in conjunction with City of 


SOUTHERN REGION 
Reading 7.30 p.m 
The Great Western Hotel, Reading. 
“ Budgetary Control and Standard Costs” by R. Cutler, 
M.C.I.A. 


December Ist 


SOUTH WESTERN REGION 
Gloucester 7.30 p.m. December Ist 
The Belle Vue Hotel, Cheltenham. 
“Induction Heating and its Application” by D. Jones, 
B.Sc.(Hons.). 
Gloucester December 3rd 
Works Visit to Delapena & Son Ltd., Zona Works, 
Cheltenham. Applications should be made to the Hon. 
Secretary. 
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The last date for receiving material for insertion in the following month’s bulletin is the 20th of cach month. 
The fee for insertion of particulars regarding each appointment is £3 3s. (up to 100 words), and over 100 words £5 5s. A 
——s charge of £1 1s. per insertion is made to firms affiliated to the Institution, Technical Colleges, Universities and similar 


anisations. 


A vertisers are advised that better response is likely if, in addition to essential qualifications, the following information is 


given :— 
(a) Location of appointment; 


(b) Status in the organisation and scope of promotion; (c) Salary range and age range. 


Advertisers are asked to advise the Institution when appointments are filled. The Institution reserves the right to refuse 
or withdraw any announcement and also to make any alteration in the wording to ensure conformity with the Institution stan- 


dards. 


Members interested in the following appointments should make application in accordance with the terms of notice. 


No correspondence can be undertaken by the Secretary other than the forwarding of replies to Box Nos. 
All advertisements appearing in this Bulletin are subject to the Notification of Vacancies Order of 1952. 


Time and Motion Study Engineer to take charge and 
reorganise the Time Study section of a modern engineering 
works engaged in the machining and assembling of auto- 
mobile components. Only engineers having at least five (5) 
years experience in scientific time and motion study need 
apply. Salary £900 - £1,000 in accordance with experience. 
This is a permanent staff appointment, pensionable, and 
with opportunities for advancement for an experienced and 
ambitious engineer. Factory located 30 miles North of 
London where rented housing accommodation is available. 
Box No. 1199, I.Prod.E., 10 Chesterfield Street, London, W.1. 


Project Engineers. The British Tabulating Machine Co. 
Ltd., Letchworth, Herts., requires several Project Engineers 
to undertake responsibility for introducing new develop- 
ments to production units and co-ordination of development 
team activity with the emphasis on design simplicity and 
economic production. The Company are manufaéturers of 
‘ Hollerith’ electro-mechanical and electronic punched card 
accounting machinery. Applicants should be of H.N.C. 
standard or equivalent. Process planning and shop floor 
methods experience is essential. Salaries will be commensurate 
with experience and qualifications. Pension fund and sick 





pay facilities are in being. Write, giving personal history 
to: Personnel Superintendent, quoting reference PE/914. 


Qualified Engineer with managerial experience is required 
to follow up on the General Sales Manager of a well-known 
company in the North of England, engaged in the manu- 
facture of high grade machinery for home and overseas 


markets. Essential qualifications for this post are a good 
engineering background, with preferably a degree in 
mechanical engineering, organising ability, drive and 
enthusiasm. The position offers excellent prospects and a 


generous superannuation scheme is in operation. Please 
give full details of age, education, experience and salary 
required, etc. to: Box No. 1213, LProd.E., 10 Chesterfield 
Street, London, W.1. 


First-class Executive Engineer is required for the position 
of Assistant General Works Manager of a_ well-known 
general engineering company in Lancashire. Essential 
qualifications for this post are a good engineering background 
with preferably a degree in engineering, a good knowledge 
of machine tools, experience in works management, drive 
and enthusiasm. This is an important position and only 
top grade men will be considered. A generous superannua- 
tion scheme is in operation and the position offers excellent 


prospects. Please give full particulars of age, education, 
experience and salary required, etc. to: Box No. 1214, 
I.Prod.E., 10 Chesterfield Street, London, W.1. 


Top Grade Executive is required by a well-known general 
engineering company located in the North of England, for 
an important executive position on the manufacturing side 
of the organisation. Applicants must essentially possess a 
sound engineering background, a good knowledge of machine 
tools, experience in works management, drive and enthusiasm, 
and preferably a degree in engineering. The position offers 
excellent prospects and a generous superannuation scheme 
is in operation. Please give full details of age, education, 
experience and salary required, etc. to Box No. 1215, 
I.Prod.E., 10 Chesterfield Street, London, W.1. 


Production Executive required for medium sized expanding 
company in Slough, Bucks. The position calls for experience 
in both production management and engineering, and an 
engineering qualification such as B.Sc.(Eng.) or Higher 
National Certificate in Mechanical Engineering is desirable. 
The successful applicant will be directly responsible to the 
Production Manager for a major part of the production 
organisation. Please apply in writing, giving full details 
of experience, to: Box No. 1216, I.Prod.E., 10 Chesterfield 
Street, London, W.1 


Mechanical Engineer required by well-known old 
established company with small works of 60 in country. 
Must have served an apprenticeship in mechanical 
engineering and be a proved first-class engineer of ability, 
character, and initiative, preferably aged 30-35, with 
experience in small works, manufacturing small quantities of 
mass production components which are finally assembled into 
special machines. The position is permanent and offers 
an exceptional opportunity for a keen man with character 
with a view to becoming Works Manager. Commencing 
salary £1,000 per annum. Write in confidence, giving full 
particulars of experience, age, positions held, etc. to: Box 
No. 1217, I.Prod.E., 10 Chesterfield Street, London, W.1. 








Deputy required by Managing Director of a progressive, 
well-known, old-established firm of specialised mechanical 
engineers. Applicant must be an experienced mechanical 
engineer, having served apprenticeship, together with a good 
commercial knowledge of sales, aged 35-40. He must be a 
man of outstanding ability and personality with knowledge 
of all the ramifications of running a comparatively small 
engineering business in all its departments. This position 
offers excellent opportunities. Commencing salary £2.500 
per annum. Write in confidence, giving full particulars, 
qualifications, experience both of mechanical knowledge and 
commercial experience, positions held to: Box No. 1218, 
I.Prod.E., 10 Chesterfield Street, London, W.1. 


Chief Jig and Tool Draughtsman. Applications are invited 
for the appointment of Chief Jig and Tool Draughtsman, 
by large company in the Midlands engaged in aero gas 
turbine manufacture. This company has been established 
for approximately three years. Prospects of promotion 
are good for suitable applicant. It is preferable that 
applicant should have experience in the design of jigs and 
fixtures for gas turbines, but this is not absolutely essential if 
applicant has had comprehensive technical jig and tool 
design experience. Box No. 1219, I.Prod.E., 10 Chesterfield 
Street, London, W.1. 


Experienced Machine Tool Designer required for the 
development section of a firm in the Midlands engaged in 
aero gas turbine manufacture. This is a senior position and 
applicant must be capable of working on his own initiative 
with a minimum of supervision. Work will be of varied 
nature and will include a small amount of jig and fixture 
design. Technical education should be at least to Higher 
National Certificate standard. A salary commensurate with 
ar wil be paid to the successful applicant. Box 
No. 1220, I.Prod.E., 10 Chesterfield Street, London, W.1. 


Draughtsman/Tool Designer required by Hoover Limited, 
Coronation Road, High Wycombe. A workshop training is 
essential, with two years’ tool design experience in press 
tooling and/or thermo-setting plastic moulds. There is also 
a vacancy for a senior person to do a similar job and to 
take charge of four or five draughtsmen in the department. 
Apply in writing stating age and experience to: The 
Personnel Officer. 


Senior Draughtsman/Tool Designer for Production 
Engineering Department at Hoover Limited, Coronation 
Road, High Wycombe. A workshop training and apprentice- 
ship is essential, with four years’ experience in the design of 
press tools, jigs and fixtures and/or thermo-setting plastic 
moulds. Apply in writing stating age and experience to: 
The Personnel Officer. 

Planning Engineer required by Hoover Limited, Coronation 
Road, High Wycombe. Experience in light assembly and 
press work is necessary, with a knowledge of material 
handling technique an advantage. The candidate should 
have an Ordinary National Certificate with some practical 
workshop background. Apply in writing stating age and 
experience to: The Personnel Officer. 


Planning Engineer required for production office of com- 
pany engaged in the manufacture of ordnance equipment. 


Workshop training, tool design and process planning 
experience essential. Staff position with good salary and 
prospects. Apply to: The Personnel Manager, John 


Thompson Limited, Ettingshall, Wolverhampton. 


Production Engineers keen to turn to product design are 
invited to join the design team of a famous and progressive 
manufacturer of major domestic appliances. First-class 
experience of pressed sheet metal work, and familiarity with 
a wide range of modern production methods is essential. 
Knowledge of vitreous enamelling technique an advantage. 
These senior appointments, carrying a good four-figure 
salary, are a unique opportunity for ambitious engineers 
with a broad outlook to enlarge the scope of their work. 
Good pension scheme, working conditions, etc. Please reply 
fully to: Box No. 1221, I.Prod.E., 10 Chesterfield Street, 
London, W.1. 


Production Engineer. An opportunity exists for a Produc- 
tion Engineer, with a wide experience of the plant and 
factory layouts necessary for the large quantity production 
of light electrical and mechanical components and assemb- 
lies, to join this Company. Duties will include the modifying 
of existing layouts in a group of factories, to accommodate 
changing products, and the planning and laying out of new 
factories. This is an excellent opportunity for a qualified 
man aged 30/50 to join an old established Company offering 
an adequate salary, together with security and chances of 
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further advancement. Write giving age, and experience to: 
The Secretary, he Edison Swan kiectric Co. Ltd., 155 
Charing Cross Road, London, W.C.2. 


Production Manager. Progressive medium/heavy engin- 
eering company near London requires a Production Man- 
ager, aged 39-50 for machinery manufacturing division. 
This is an important and responsible post offering great scope 
to a technically qualified production engineer with drive and 
energy and at least 5 years’ experience in control of machine 
and assembly shops’ in a senior capacity. A detailed 
specification of this post and an official application form 
may be obtained from: The Personnel Manager, The 
Projectile & Engineering Co. Ltd., Acre Street, Battersea, 
§.W.8. 


Chief Planning Engineer required by well-known manu- 
facturing electrical engineers, in West London. Applicants 
must have sound practical training and experience of pro- 
cess planning for batch and line production, methods and 
work study as applied to light assembly operations. Know- 
ledge of press tool and fixture design an advantage. 
Technical qualifications to at least H.N.C. essential. Salary 
appropriate to experience and qualifications. Write stating 
full particulars of experience, qualifications, age and salary 
— to: Box No. 1222, I.Prod.E., 10 Chesterfield Street, 
London, 


Methods Engineers. Hoover (Electric Motors) Limited, 
Cambuslang, invite applications for two vacancies which exist 
in the Production Engineering Department :- (a) Candidates 
should have a sound knowledge of jig and tool design as 
applied to assembly operations on large quantity production 
of electrical and mechanical components. (b) Candidates 
should have a sound knowledge of jig and tool design as 
applied to machine shop operations and light press work. 
Applicants for both positions should preferably be holders 
of Higher National Certificate in Production or Mechanical 
Engineering. Applications giving full details should be made 
in writing to: The Personnel Manager. 


Consultants. A. G. Hayek and Partners Limited, Man- 
agement Consultants and Industrial Engineers, invite appli- 
cations for vacancies for consultants. Applicants must have 
had practical experience of motion and time study in a 
senior capacity. A background in engineering is an added 
advantage. A profit-sharing scheme is in operation . and 
there are prospects of advancement. Appointments are 
based on Stoke-on-Trent. Apply with fullest details and 
salary requirements to above at: Federation House, Stoke- 
on-Trent. 


Production Planning Engineer required for medium-sized 
works in West London area, should have knowledge of 
modern machine shop practice and methods. Applicant 
will be required to break down programmes to component 
parts and sub-assembly requirements—be able to assess 
plant capacity, fix suitable economic batch quantities, and 
set up machine loading system. Age 30 to Apply 
stating education, qualifications, posts held and present 
salary to: Box No. 1223, I.Prod.E., 10 Chesterfield Street, 
London, W.1. 


Production Controller. A Company engaged on the mass 
production of precision machined products wish to appoint 
a Production Controller. Applicants should be between 30 
and 45 years of age, possess a detailed knowledge of modern 
production control procedure together with a sound engin- 
eering background. This is a senior position calling for a 
man with drive and initiative and offers excellent prospects 
to the right person. Salary will be commensurate with 
qualifications and experience, concise details of which should 
be addressed to: Box No. 1224, I.Prod.E., 10 Chesterfield 
Street, London, W.1. 


The Royal Canadian Air Force has vacancies for com- 
missioned officers with B.Sc., or H.N.C. or equivalent in 
technical branches. For further information contact RCAF 
Recruiting, Canadian Joint Staff, 66 Ennismore Gardens, 
London, S.W.7. Telephone Kensington 3466. 


First-Class Estimator. Engineering firm in West London 
require the services of first-class estimator with good experi- 
ence of machine shop estimating. Experience with stainless 
steel and/or sheet metal work is also desirable. The post 
offers good prospects for energetic man who is prepared to 
work hard and produce results. Salary in accordance with 
qualifications. Reply to: Box No. 1225, I.Prod.E., 10 
Chesterfield Street, London, W.1. 


Engineering Staff for Consultants. Additional _ staff 
in the following categories required by Consulting 
Engineers in the centre of Birmingham: jig and tool de- 
signers, mechanical designers for special purpose machinery, 
plant layout and work study engineers. Good prospects, 
five-day week, pension scheme. Salaries in accordance with 
experience and ability. Minimum qualifications H.N.C. and 
for more senior posts corporate membership of the Institution 
of Mechanical Engineers and/or Institution of Production 
Engineers. All applications acknowledged, and should be 
forwarded to: L. W. Thackwell, M.I.Mech.E., M.I.Prod.E., 
F.C.I., Lombard House, Gt. Charles Street, Birmingham. 


Chief Work Study Engineer required by expanding engin- 
eering company in South Midlands. Applications are invited 
from senior engineers, aged 35 to 45, capable of accepting 
full responsibility for the development and co-ordination of 
all work study activities, with especial reference to Work 
Measurement and the application of incentives. Must be 
fully conversant with latest techniques, a good organiser, 
with ability to negotiate. This is a senior staff appointment 
with excellent prospects and salary. Write, in first instance, 
stating age, education, training and experience and salaries 
to: Box No. 1226, I.Prod.E., 10 Chesterfield Street, London, 
W.1. 


Production Engineers. F. Perkins Limited, Peterborough, 
have openings on their technical staff for production 
engineers to be engaged on material handling and plant 
layout work. These vacancies are particularly suitable for 
young engineers in their early twenties who possess, or 
are studying for the O.N.C. and good industrial training, 
preferably related to quantity production. Positions are 
permanent and offer attractive prospects and experience to 
first class men. Please apply in confidence stating age, 
experience and education in chronological order to: Per- 
sonnel Manager, F. Perkins Limited, Eastfield Factory, 
Peterborough. 


Tool Designer/Draughtsman. Experienced in injection and 
compression moulds. Pleasant working conditions, pension 
fund, permanency for the right man. Salary commensurate 
with experience and ability. Prepared to reside in Lincoln- 
shire. Apply: Managing Director, Godfrey Holmes 
(Plastics) Limited, Wragby, Lincolnshire. 


Works Manager required for old-established instrument 
makers in South East, with modern well-equipped factory 
employing 200. Applicants between 30-45 should have had 
practical and management experience in similar work. Send 
in confidence full details of experience, age, present salary 
and salary required, to: Box No. 1227, I.Prod.E., 10 
Chesterfield Street, London, W.1. 


Work Study. Two Methods Engineers and one Time Study 
Engineer required. Trained men preferred, but consideration 
given to suitable men as trainees. Salary in accordance 
with experience and qualifications. Posts pensionable. Five- 
day week. Write details to: Personnel Manager, Telcon 
Works, Greenwich, S.E.10. 


Work Study Engineer. A. Boake, Roberts & Co. Ltd., 
Carpenters Road, London, E.15, Chemical Manufacturers, 
require a Work Study Engineer at their London factories. 
Applicants should be between 25/30 years of age and have 
at least Higher National Certificate, plus two years’ 
practical experience in Work Study, preferably in a process 
industry. Starting salary will be denendent on age and 
experience, and in the range £600- £1,000. Applications 
should be made in writing to: The Works Director. 








Assistant Works Mamager required by progressive South 
London light engineering firm medium size. Applicants 
must have sound engineering and administrative experience 
and be able to advise on design and to prepare estimates 
and be suitable to take full managerial responsibility later. 
Good salary will be paid in accordance with experience. 
The post is pensionable. Applications will be treated in 
confidence and should state age, experience, qualifications 
and salary to: Box No. 1228, I.Prod.E., 10 Chesterfield 
Street, London, W.1. 


General Works Manager. Rapidly expanding medium sized 
manufacturing company in South of England with North 
American connection requires General Works Manager. The 
applicant must have sound knowledge of factory and foun- 
dry techniques, be of good education, not necessarily degree. 
Only men capable of earning at least four-figure salary need 
apply. Pension scheme. Box No. 1229, I.Prod.E., 10 
Chesterfield Street, London, W.1. 


Time Study Engineer. Applications are invited from men 
who have had at least two years’ experience in applying 
incentives to direct and indirect workers, preferably in a 
process industry. The selected candidate will have every 
facility to exercise experience and initiative in a developing 
department. The vacancy is permanent, superannuated, 
and is known within the Company, which is in the eastern 
suburbs of London. Applicants should give full details of 
experience, age and salary required, which will be treated 
in the strictest confidence. Box No. 1230, I.Prod.E., 10 
Chesterfield Street, London, W.1. 

Planning Engineers and Jig and Tool Draughtsmen. 
B.R.D. Company Limited, Aldridge, near Walsall, require 
planning engineers and jig and tool draughtsmen for work 
on precision gas turbine components. Excellent opportunities 
exist with attractive salaries and ideal working conditions. 
Social and sporting facilities and new dining room. Work- 
ing hours are 374 per five-day week. Facilities exist for assist- 
ing with housing accommodation. 


Assistant Works Manager required by well-known engin- 
eering organisation in the Manchester district. Applicants 
should hold a University degree in Mechanical Engineering; 
should not be more than 30 years of age and be experienced 
in modern production methods. Applications should be sent 
to: Box No. 1231, I.Prod.E., 10 Chesterfield Street, London, 
W.1. 


Technical Assistant (age 25/35) required by Consulting 
Engineers in Westminster. Experience in drawing office, or 
product design desirable. Please write fully to: E. G. 
Brisch & Partners Limited, 26 Victoria Street, Westminster, 
S.W.1. 


Chief Metallurgist. Applications are invited for the position 
of Chief Metallurgist at the Luton Truck Plant of the 
Rootes Group. Applicants should have experience of the 
technical control of vehicle production processes; also a 
sound knowledge of modern heat treatment methods, in- 
cluding gas carburising. Salary will be commensurate with 
experience and qualifications and the appointment will in- 
clude participation in the group superannuation scheme. 
Please apply, giving full details of training and experience 
to: The Secretarial Department, Commer Cars Limited, 
Biscot Road, Luton, Bedfordshire. 


Works Manager required by light engineering works in 
Sussex, manufacturing own specialised products. Small but 
expanding company presenting good opportunity to capable 
man. Write stating age, full details of past experience, 
present salary and salary required to: Box No. 1232, 
I.Prod.E., 10 Chesterfield Street, London, W.1. 


Senior Methods Enéineers, Planning and Estimating 
Enésineers. The English Electric Co. Ltd., Stevenage, Herts, 
invite applications for the following positions: Senior 
Methods Engineers. Applications for these positions are 
invited from Senior Methods Engineers who are fully 


experienced in one of the following types of work as 
applied to prototype or medium quantity production: (a) 
manufacture of structures (airframe); (b) manufacture of 
instruments; (c) manufacture of electronic equipment, 
These senior appointments bear the responsibility for re- 
viewing designs for ease of manufacture, forward planning 
and investigation of methods of production. Planning and 
Estimating Engineers. A number of vacancies exist in 
the production engineering department for Planning and 
Estimating Engineers with experience in light-medium 
engineering. Applicants should have served a full apprentice- 
ship and shoyld preferably possess H.N.C. or its equivalent. 
These positions carry attractive salaries with excellent pros- 
pects for those showing initiative. A pension scheme is 
available after a qualifying period, and housing assistance 
can be given in most cases. Replies should be addressed to; 
Dept. C.P.S., 336/7 Strand, London, W.C.2, quoting ref: 
No. 1343]. 








Work Study & Methods Engineer. The makers of Holland 
Toffee require a fully qualified Work Study & Methods 
Engineer age 30 -40 for their Southport factory. Applicants 
must possess proved experience in the technique of Work 
Study, production and planning, labour and material cost 
control and the application of incentive schemes. Starting 
salary will be commensurate with age and experience, and 
the post will offer considerable scope for advancement in 
an expanding concern to a person able. to achieve the 
desired results. Non-contributory pension scheme in opera- 
tion. Applications giving full details of education, experience 
and previous posts held to: Personnel Manager, Arthur 
Holland, Virginia Street, Southport, who will reply only to 
applicants selected for interview. 


Machine Design: Jig & Tool. New and expanding com- 
pany requires designers and draughtsmen for its Epsom 
office. Vacancies occur in the following sections: (a) 
Machine Design: (b) Jig & Tool. Salaries up to £850 for 
a 40-hour week with three weeks, paid holiday. As a de- 
signing and manufacturing organisation we can offer a 
secure future with ample scope for advancement. Applica- 
tions from apprentice draughtsmen will be favourably con- 
sidered. Apply by letter only in the first instance to: 
Lumatic Limited, Craven House, Kingsway, W.C.2. 


Graduate Engineer is required by a progressive British 
company as Technical Assistant to the Chief Engineer of one 
of its modern processing factories. Many problems of a 
technical nature arise, and the successful applicant will take 
responsibility for handling these. The responsibility is clearly 
defined and initial training over many months will be 
given to prepare the new man for the position. A good 
degree in Mechanical Engineering and some basic work- 
shop training is necessary. The company is prepared to 
delay the appointment should the right applicant not be 
immediately available. Age limit 28 years. This position 
is a starting point in the organisation and an excellent 
commencing salary will be paid, to which will be added 
substantial increments in line with progress and develop- 
ment. In judging applicants the Company will be looking 
at the man’s development possibilities, both technical and 
administrative, as the Company has a long record of healthy 
growth and wants its new men to be capable of growing 
with it. All factors such as superannuation scheme, etc. 
are available to suitable candidates who should send, in 
confidence, a brief outline of their career to date, to: Box 


No. 1233, I.Prod.E., 10 Chesterfield Street, London, W.1. 


Works Manager. Exceptional opportunity for enthusiastic 
engineer to relieve Works Director of responsibilities for 
production and costs. Group of small engineering works 
within large organisation on Merseyside. 500 emplovees 
producing wide variety of small mechanical and electrical 
equipment expanding from prototype to mass production. 
Age 30 to 45. Engineering degree, or equivalent; experience 
in similar position, and knowledge of modern management 
techniques such as Work Study, Production Control, etc., 
essential. Some experience with Government contracts 
desirable but not essential. Commensurate salary and 
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excellent prospects available for candidate of suitable calibre. 
full particulars to: Box No. 1234, I.Prod.E., 10 Chester- 
field Street, London, W.1. 


Draughtsmen required with experience on design of jigs, 
tools and gravity dies. Excellent pension scheme operated. 
State experience, age and salary required to: Personnel 
Manager, Kent Alloys Limited, Strood, Rochester, Kent. 


Technical Engineer with H.N.C. or equivalent required by 
prominent machine tool company in Manchester area for 
technical engineering and designs department. Contributory 
pension scheme; good conditions. Written applications 
stating age, qualifications, experience and salary required. 
Box No. 1235, I.Prod.E., 10 Chesterfield Street, London, W.1. 


Works Executives. Due to continued expansion, a large 
manufacturer of precision machine tools in the Midlands has 
the following vacancies for works executives: Chief Inspec- 
tor; Chief Planning and Methods Engineer; Assistant Pro- 
gress Manager; Chief Purchasing Sheet: Metallurgist ; 
Designer. Applicants should have experience in the machine 
tool and allied trades and be familiar with modern tech- 
niques. Age limit from 25 to 45 years. Each position 
carries an~attractive salary, a non contributory retirement 
scheme is in operation. These vacancies present an oppor- 
tunity for men of the highest calibre to join the team of a 
progressive company. Replies, which will be treated in the 
strictest confidence, should state age and full details of 
experience and qualifications. Box No. 1236, I. Prod.E., 
10 Chesterfield Street, London, W.1. 


Abrasives — Technical Representative required for Mid- 
lands and West of England. Must be fully trained engineer 
conversant with the latest precision grinding practices. State 
experience and qualifications. Basic salary, plus sales bonus 
is offered to suitable applicant who will be provided with 
a car, and to whom all reasonable expenses will be allowed. 
Superannuation scheme in: operation. Box No. 123/, 
L.Prod.E., 10 Chesterfield Street, London, W.1. 


Time Study Engineer. Applications are invited from men 
with sound knowledge of time study techniques, especially 
as applied to electronic and telephone assemblies. Minimum 
qualification — Ordinary National Certificate in Electrical 
Engineering. Pension Scheme. Write giving full details of 
experience and salary required to: Personnel Officer, British 
Communications Corporation Limited, Second Way, 
Exhibition Grounds, Wembley. 


Electrical Engineer. Large East Anglian engineering works 
requires Electrical Engineer with design experience of low 
voltage traction motors to 10 HP including associated con- 
trol gear and with electrical equipment as applied to 
machine tools. Graduate with subsequent works experience 
preferred. Salary £750 - £950 according to qualifications. 
Also Assistant Electrical Engineer for Maintenance 
Department. Minimum qualification, Higher National. 
Applicant with previous experience preferred. Salary 
£500 - £650 according to qualifications. Box No. 1238, 
I.Prod.E., 10 Chesterfield Street, London, W.1. 


Planning Engineers. Ferranti, Limited, Edinburgh are 
anxious to recruit men who have experience of detailed 
planning. They should have completed an apprenticeship 
in engineering, and should preferably hold a Higher National 
Certificate. They will be employed on the production of 
precision instruments under modern production methods. 
There is wide scope for those with initiative and com- 
mensurate salaries will be paid. Please apply giving full 
particulars of career to date, and quoting Ref: P.E./123, 
to: The Personnel Officer,, Ferranti, Limited, Ferry Road, 
Edinburgh 5. 


General Works Manager required for well-known and pro- 
gressive office equipment company. A substantial salary, 
plenty of scope and fine future prospects are open to you if 
you possess good relevant engineering qualifications, 
experience of work study and incentives, enthusiasm, 


integrity and ability to get things done through people. 
Please write at once with full details of past achievements, 
and stating your age to: MBL Box No. 1239, I.Prod.E., 
10 Chesterfield Street, London, W.1. 

Project Engineer. Universal Grinding Wheel Co. Ltd., 
require a Project Engineer, aged about 28 - 35, for a very 
interesting appointment under the Chief Engineer, full 
details of which will be sent on application. Minimum 
qualifications include H.N.C., a full apprenticeship and 
general engineering experience, preferably including design 
in the hydraulics field. The post offers a good salary, based 
on age and experience, and participation in a Contributory 
Pension Scheme. Removal expenses will be paid on taking 
up the appointment. Apply giving age and full details of 
present salary, qualifications and experience to: Personnel 
Manager, Universal Grinding Wheel Co. Ltd., Stafford. 





Draughtsmen aged 25 or under with mechanical experience 
are required for a small design group in a large manu- 
facturing concern, East London area. Qualifications should 
include Higher National Certificate and Apprenticeship. 
In certain cases men of up to 30 years will be considered 
The work, which is permanent, would include redesigning 
and modernising special purpose machinery, mainly for 
export. Facilities include non-contributory pension scheme, 
sports club and canteen. Please make application in own 
hand-writing giving details of training and salary required 
to :' Box No. 1240, I.Prod.E., 10 Chesterfield Street, London, 
W.1. 


Senior Production Engineer is required by West Midland 
Company engaged in manufacture of high precision small 
mechanical and hydraulic control units. A good general 
education and sound workshop experience in light precision 
engineering is essential. Applicants should be capable of 
initiating new techniques and improving existing methods 
on small batch production quantities in very well equipped 
modern factory. The post demands aman with personality, 
drive, and a progressive outlook. Age about 35. Please 
apply stating age, experience, qualifications, and present 
salary to: Box No. 1241, I.Prod.E., 10 Chesterfield Street, 
London, W.1. 

Production Planning Controller for contract tool manu- 
facture. A large Birmingham firm contemplates appoint- 
ment of a qualified man to co-ordinate and control press 
tool production and reorganise existing systems. Sound 
knowledge of assessment of operation times on bench and 
machine work is essential. Good salary. Superannuation 
scheme and bonus, etc. Applicant should be between 30 and 
45 years of age with similar experience. Write in confidence 
giving full details of education, training or apprenticeships, 
previous positions, salary level, etc., to: Personnel Officer, 
Box No. 1242, I.Prod.E., 10 Chesterfield Street, London, 
W.1. 





Works Manager required by long established company of 
international repute to take control of well equipped 
factories at West London and Slough, producing light 
electro-mechanical units. Applicants should have had 
some managerial experience, have a good practical back- 
ground and experience in handling male and female labour, 
Electrical knowledge desirable. Age bracket 35-45. The 
post holds good prospects for the right man, commencing 
salary up to £2,500 p.a. Applicants should give full details 
of qualifications, experience and age. Box No. 1243, 
I.Prod.E., 10 Chesterfield Street, London, W.1. 


Estimating Engineer required by expanding company to 
formulate estimates on prototype, pre-production and pro- 
duction batches in the field of’ light precision, hydraulic 
and electronic engineering. Preference given to applicant 
with above experience together with an appropriate 
qualification and some knowledge of costing procedure. 
Good salary commensurate with the above requirements. 
Apply with full details, including an indication of salary 
requirements to: Personnel Manager, Sperry Gyroscope 
Company Ltd., Great West Road, Brentford, Middlesex. 





Engineer with good degree or equivalent qualification re- 
quired for investigation of automation techniques and new 
engineering production processes. Work may include visits 
to engineering firms throughout the country. For an 
engineer with initiative and personality there is considerable 
scope for advancement. The position is superannuated and 
carries a good commencing salary. Send full details, in- 
cluding age, qualifications, experience and present salary in 
confidence to: Box No. 1244, I.Prod.E., 10 Chesterfield 
Street, London, W.1. 


Graduate is required for basic and applied research on the 
machining and cold forming of metals. A good degree (or 
equivalent qualification) in engineering, metallurgy or 
physics is required. There are good prospects for advance- 
ment. Commencing salary commensurate with qualifications 
and experience. Pension scheme. Send full details including 
age, experience, qualifications and present salary in con- 
fidence to: Box No. 1245, I.Prod.E., 10 Chesterfield Street, 
London, W.1. 


PERA requires an engineer with good command of English, 
to carry out surveys of production engineering literature, 
prepare articles, abstracts, etc. Good prospects and super- 
annuation scheme.‘ Applications to: Production Engin- 


eering Research Association, Melton Mowbray. 


Production Engineer. The Mettoy Company Limited, 
Swansea, manufacturers of a great range of metal and plastic 
toys and other light engineering products, seek the services 
of a qualified and experienced Production Engineer. This 
is an important pensionable post with an assured and pro- 
gressive future. The preferred age is between 30 and 40. 
The post will demand first-class knowledge of press tools 
and assembly fixtures; experience of plastic moulding and 
die casting would be an advantage. Intending applicants 
are reminded that Swansea is an extremely pleasant seaside 
town in a magnificent country and coastal area. Applica- 
tions in the fullest detail, should be marked “ Confidential. 
For the attention of The Personnel Manager” 


EDUCATIONAL APPOINTMENTS 


Northampton Polytechnic, London, E.C.1. 

Lecturer required full-time permanent pensionable staff to 
instruct students in Instrument Engineering. Candidates 
should possess H.N.C. or equivalent and some industrial 
experience. Salary on Burnham scale according to quali- 
fications and experience, commencing at £561 plus up to 
£216 for industrial service after the age of 21, plus £60 
for degree qualifications plus increments if College trained. 
Scale rises to at least £868 p.a. Excellent opportunity in 
expanding department for entering the technical teaching 
profession and for promotion to upper scales rising to over 
£1,100 a year. Particulars and form of application from 
Secretary. 


College of Technology and Commerce, The Newarke, 
Leicester. 

Head of the School of Commerce. 

Applications are invited for the post of Head of the School 
of Commerce. The School provides day and evening 
courses in Commercial, Professional and Management sub- 
jects and many short residential courses in Management, 
Work Study and Foremanship, which receive wide support 
from a variety of industries in various parts of the country. 
Applicants should be graduates with teachine management, 
commercial and/or industrial experience. Salary according 
to the Burnham Scale for a Grade IV Department, 
£1.365 x £25 to £1,515 per annum. Forms of annlication 
and further particulars may be obtained from the Registrar, 
College of Technology and Commerce, The Newarke, 
Leicester, to whom completed forms should be returned 
within two weeks of the appearance of this advertisement. 


Farnborough, Hants., Royal Aijircraft Establishme; 
Technical College (Selective) requires : 
Post 1. Assistant Lecturer in Engineering Design : 
Drawing. Post 2. Assistant Lecturer in Producti 
Engineering. 
Candidates should hold University degrees or equivale 
qualifications and preferably have had some teaching and/@ 
industrial experience. E: 
Post 1. Candidates should be capable of developing an 
teaching courses in engineering design and drawing fe 
Higher National Certificates and Part 1 of the Londa 
University degree in engineering and to assist in othe 
general engineering subjects. 
Post 2. The successful candidate will be required to tead 
general engineering subjects in courses leading to Highe 
National Certificates in Mechanical and Production Engin 
eering and to Final City and Guilds certificates. The sa 
is in accordance with Burnham Scale for Teachers i 
Technical Colleges and is subject to the Teachers Supers 
annuation Acts. - Posts will be ranked as Grade B on the 
scale £525 x £25—£820 with allowances for qualification 
(£90 for a good degree) and training, commencing salary 
being in accordance with experience. Details and applic; 
tion forms from Principal of College to whom completed} 
forms must be returned within fourteen days of this notice, 7 


County Technical College, Ashington. 

Applications are invited for the following posts:- 7 
This new college comprises a modern workshop block which 
is now being equipped to be ready for use as from January 
1956, and a main block of Laboratories, drawing offices and 

class-rooms expected to be ready for use in September 
1956. All the posts offer considerable scope for experience 
and development in a rapidly expanding institution. 


(a) Lecturer in Electrical Engineering. Applicants should 
hold a degree or equivalent qualifications in electri 

engineering and have had suitable teaching and industrial 
experience. Experience in the application of electrical 
engineering in the mining industry will be an advantage) 


(b) Assistant (Grade ‘B’) in Workshop Engineering, | 
Applicants should hold qualifications such as a Higher 
National Certificate in Production Engineering or a Full 
Technological Certificate in Machine Shop Engineering 
and have had suitable teaching and industrial workshop 
experience. 


(c) Assistant (Grade *‘A’*) in Workshop Subjects, 
Applicants should hold a Full Technological Certificate in| 
Machine Shop Engineering or an allied craft and have 
had good industrial experience, preferably connected with 
the applications of mechanical engineering in the mining 
industry. Teaching experience or training in teaching 
will be an advantage. 


(d) Assistant (Grade ‘A’) in Enslish and Mathematics. 
Applicants should be graduates and/or hold a recognised 
teaching qualification. An interest in the development of 
liberal studies among technical students is desirable and 
ability to assist with Mathematics to General Certificaté 
of Education (Ordinary level) standard would be an 
advantage. The salaries will be on the Burnham Technical. 
Scales as follows, with additions to the scales for approved 
training and qualifications. Post (a)— Lecturer gradé 
£945 x £25—£1,065. Post (b)— Grade *B* — £525) 
x £25—-£820. Posts (c) and (d)—— Grade ‘A’ £450 x £18) 

-~£725. The starting points on the scales will be det 
mined by the teaching and industrial experience of thé 
appointed persons. Forms of application and further 
particulars may be obtained by forwarding a stam 
addressed envelope to the Director of Education, Coun 
Hall. Newcastle-upon-Tyne 1, to whom completed fo 
should be returned not later than 11th November, 1955, 
Registered Disabled Persons will be considered. 
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